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Chapter I 

INTRODUCTION 


Review of ihc Problems 

A s we approach the 1970’s it would be well to review some of the 
ZA problems of human ecology and nutrition with which planners of 
X Xdevelopment are now faced. The four words, famine, starvation, 
hunger and malnutrition are used, sometimes accurately, sometimes 
loosely, to describe the situation which some countries have reached 
now and which many more are likely to reach in the not far distant 
future. Hunger, starvation and famine relate primarily to shortage of 
the major food grains, wheat, rice, maize and the millets, which are 
needed ‘to fill the bellies’ of peoples living on a subsistence diet or on 
low planes of nutrition. Malnutrition refers to an unbalanced diet,' 
lacking in those proteinaceous foods that provide the essential amino 
acids, and in the protective foods that provide the vitamins. We should 
consider briefly what can be done to meet the present and future situa- 
tions in terms of land use, agriculture and animal husbandry in the 
equatorial, tropical and subtropical environments. 

In the past, famine and starvation were recognizable because they 
could be measured in terms of human lives or readily visible forms of 
human suffering. Today they still threaten, but can be predicted and 
averted by international action. They become the subject of newspaper 
headlines and of cynical political exploitation. The nature and causes 
of famines are difficult to establish and define: they may actually be the 
result of a disastrous crop failure due to drought or an epidemic of plant 
diseases, or to pests and rodents. Population may have outstripped pro- 
duction. Industrial development may have increased the purchasing 
power of one section of the community causing increased pressure on, 
and a rise in price of, food grains in the absence of an adequate alterna- 
tive market in animal products to serve as an outlet. 

Shortages may arise in abnormal years in some parts of a country 
because certain provinces or states, in self-defence, intentionally under- 
estimate their surpluses, while others overestimate their deficits. 
Regional communities may be conservative in their dietary preferences 
13 



Introduction 

and be unwilling to change, for example, from nee to wheat Famine or 
starvation will occur m an urban population when the rural producers 
ensure that their own famihes shall not suffer — they will store a two- 
year reserve of food grains under the floor or m earth-covered pits out 
of doors exposed to insects and rodents, rather than assist urban con- 
sumers by converting their grain into money, which cannot purchase 
unavailable food It is very difficult to promote a social conscience much 
beyond the family level in the face of widespread shortage of food, real 
or threatened 

Malnutrition is much more widespread, insidious but not so readily 
visible, or at least not so recognizable unless one has eyes trained to see 
and to mterpret the evidence Those who die first in famines will, of 
course, be the people suffenog most from malnutntion, but these are 
only a small percentage of the total of undemonnshed Malnutntion is 
measured m non sensational terms which do not make the headlines and 
do not provide fodder for poblicians— general physical stature, wcU- 
bemg and energy of the people and particularly of the young, growth 
rates, capacity of women to rear cbjidren without senously umJenmmng 
their own health , deaths m infants under twelve months and of children 
from one to five years of age, resistance to disease, and so on After a 
survey of the ru^ areas in a south Indian state m February 1966, a 
team from the Govemment of India Planning Commission concluded 
that ‘there was no sign of actual or impendmg famine and httle sign of 
malnutnlion’ In November 1965, an FAO Nutntion Adviser had visi- 
ted the same areas and slated that every child m the village schools 
showed signs of malnutrition to a greater or lesser extent 

Two Levels of Nutrition 

It IS with the correction of malnutntion that the planner of tnilk pro- ' 
duction IS pr imari ly concerned In planning agriculture and ATiimal 
husbandry for the reducuon of malnutrition, we must recognize that 
this IS the second and more difficult stage of a two-stage process 

Stage 1 has the limited objective of holdmg back hunger flfxt famin e 
by increasing yield per acre and total production of food grams to a ^ 
maximum- This is done by schemes and action directed towards what 
IS sometimes called mtensificauon of agnculture Such action mvolves 
increased use of fertilizers the use of seeds of better vaneUes of cereals 
m particular, the control of pests and diseases, and the development of 
imgation This is the realm of departments of agriculture, the officers 
14 
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of which assume that whatever animal products are also to be made 
available to the people shall be produced on non-agricultural land; their 
precious crop land shall not be available for the cultivation of green 
fodder crops or the ingredients of concentrates. 

The economics of Stage 1 are based on specialization in near-continu- 
ous cropping of cereals with ample use of fertilizers to maintain a supply 
of plant nutrients. From the human nutritional point of view, this is a 
short-sighted policy. Those who preach and practise this policy for their 
economic ends contribute only to the arrest of hunger and famine 
through the supply of quantity at the expense of quality. Some countries 
in favourable ecoclimates can afford to adopt such a policy for certain 
regions, on the assumption that the animal protein balance necessary in 
the human nutrition shall be provided by temperate pastures and fodder 
crops in other regions or by import from other parts of the world. 

Stage 2 is the one reached by most of the developed countries; it is 
still a rather dim target in many of the developing countries which, for 
obvious reasons, cannot see and plan much beyond the first hurdle of 
quantity. Stage 2 is based upon correct principles of human nutrition, 
^Vhereby the whole population should have available a certain amount 
of animal protein in order that they may receive the essential amino 
acids. To achieve rather hazy objectives, many developing countries are 
supporting development of the dairy, poultry and pig industries, without 
having calculated where the feeds and fodders or the livestock are to 
come from. 

The logical sequel, the introduction of an appropriate form of mixed 
farming, alternate husbandry or the integration of crop and animal hus- 
bandry on the same land, may be correct in terms of human nutrition, 
but it is regarded as old-fashioned and uneconomic by the school that 
preaches more fertilizers without the redesign of farming systems and 
crop rotations. Thus development in general is at present at Stage 1, 
with certain token adventures into Stage 2, to supply milk and dairy 
produce, eggs and other items to the small, favoured percentage of a 
population with an adequate purchasing power. Greater awareness of 
this situation at the planning and policy levels would make it possible 
to prove whether and to what extent Stage 2 may be achieved, before in- 
crease in population reduces this possibility of development towards 
balanced human nutrition. 
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Resources for Stage 1 

An admimstrator faced with cond.t.ons of chronic starvation or wi* 
snd"onaV fannnes Uhes all possible st^ 

foodgrainsontheworldr^rhetforiinpor. an 

up domesucproducuon of cereal crops Since the lalt & reliance 

brou^t about quickly, there will necessarily 
for some Ume at least on importation of food, but on lOin 
ary 1966, President Johnson told Congress „ qq 

wTm you the time is not far off when all the combined 

all the acres of all the agnenlturally productive nations 
food needs of the developing nations-unless present tr a 
changed To continue in the old ways could only postpone dis^ter 
for a decade Massive shipments would be faced by an ever gro g 
deficit of the hnngiy nations, because of the growth of P°P“’^°" 
inefficient agncnlture Ultimately those nations would have to pay an 
eiorhitant pnee They would pay it not only in money hut m years an 
hves wasted If our food aid programmes serve only as a cruten xn^ 
will encourage the developing nations to neglect improvements iney 
must make m their own production of food ’ 

Those who bve and work in a country like India, with an wnua 
defiat of food grams that is periodically aggravated by the failure o 
one or both of the wet monsoons, are necessarily very consaous o 
matters relating to the world availability of cereal grams Before t e 
second World War, m 1934-8, there were six grain-exporUng regions 
(North America, Latin America eastern Europe and the Soviet Union, 
Africa, Asia and Australia), and one importing region (western Europe) 
Today it appears that there are only two exporting regions (North 
America and Australia) Reliance upon the availability of wheat must 
be judged m relation to the level of current exports (56,500 000 metric 
tons of wheat m 1965-6), the size of wheat stocks (39 milbon tons by 
mid-1966 or only 6 or 7 imlhon tons above a ‘normal level regarded as 
essential for safety), the possibility of rapid increases in production 
(North America may increase by over 50 per cent by bnogmg land 
retired from cultivation back into produrtion, Australia is neanng its 
maximum exporting capaaty), and the deasions of national govern- 
ments and the International Wheat Counal with regard to the need for 
increased production In February 1966, President Johnson asked Con 
gressional approval for holding 60 tmllion acres of uncultivated land 
16 
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as a food and fibres reserve and added: ‘We will bring these acres back 
into production as needed — but not to produce unwanted surpluses and 
not to supplant the efforts of other countries to develop their own 
agricultural economies.’ Later, in 1966, the return of part of the food 
and fibres reserve into cultivation was approved. 

It must be realized, for example, that India now (1965) requires 
20 per cent of the total wheat production of the United States of 
America, and it has been stated that this requirement will increase to 
50 per cent of the total American production by 1970. In view of this 
situation and because of the general shortage of foreign exchange in a 
number of deficit countries, it is natural that everything is being and 
should be done to step up domestic production of food grains as much 
and as quickly as possible. 

Resources for Stage 2 

The countries in which a large proportion of the population lives 
'Under conditions of chronic or temporary malnutrition are far more 
numerous than those in the famine-susceptible class. Their administra- 
tions have to decide to what extent it may be practical and realistic to 
imdertake further actions leading to Stage 2 — those long-term changes 
,,in land use systems which will provide a diet for the whole population 
\ which is adequate not only in quantity but also in quality. These changes 
demand above all a great increase in the amount and quality of foods 
,,oC oevga feswa Vbs. la-vd., varas. 15 , saiit ■ssA wiife ^v'S'i's.'Ua, 

and poultry products, mutton and beef. The feeding of the livestock to 
/ provide these introduces competition for land resources in varying 
degree. The feeds and fodders required for milch animals, pigs and 
poultry in the tropics and subtropics must be produced primarily 
/from cultivated land together with and in direct competition with 
food and cash crops. Meat and beef may be produced from unculti- 
vated and/or uncultivable land, with little or no competition with 
food crops. 

It is with the production of milk as one of the main items in Stage 2 
that the present review is primarily concerned. Is it possible to provide 
ror to produce sufficient quantities of milk and dairy products for the 
l^population of the developing countries, considering their requirements 
' for them in relation to supplies available from other sources of plant 
and animal protein, for example, grain legumes, eggs and poultiy pro- 
ducts, and the various types of meat? It is, of course, incorrect to 
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attempt such a review in relation to the production of milk and milk 
products alone Svmilar reviews should be done for beef cattle, pigs, 
poultry, sheep and goats, on the basis of the availability of land and 
the economic viability of and balance between these types of animal 
production But above all these studies must be made in relation to the 
production of food crops for direct human consumption, and of cash 
crops for domestic use or export 

No specialist in animal production or in pasture and fodder develop* 
meat can afford to be party to what in certain developing countries 
would appear to be a somewhat exaggerated emphasis on the impor- 
tance of applying fertilizers only to cereal crops to provide grains for 
use as human food The animal production people and the human 
nulnliomsts must combine forces and argue and prove the unfashion- 
able thesis that the real entenon of intensification of production from 
cultivated land is the maximum production of human foods correctly 
balanced in terms of carbohydrates and proteins of plant and ammal 
ongm This will demand the evolution of new farming systems, especi- 
ally on the very best irrigated land, in which soil structure, orgamc 
matter content, nitrogen content and water-bolding capacity are pro- 
vided by rotations with pasture and fodder crops and the full return of 
dung and unne to the cultivated land It must then be argued that it is 
upon such soil that fertilizers wiU give their greatest and most econoimc 
effects in terms of increased yield of food crops for direct human con- 
sumption and of cash crops, thus making it possible to release land for 
the production of feeds and fodders Only m this way will it be possible 
to ensure both freedom from hun^r per se, and the provision of a 
ration correctly balanced m terms of calones, proteins of different 
origin, and vitamins 


Protein m Hamao Natntion 

Food serves two major functions in human nutrition, to provide 
®uergy, and to furnish the elements essential for growth and for the 
replacement of body tissues AH of the three mam forms of food — 
carbohydrates, fat and protein, provide the energy, but it is only protein 
tbat can supply the nitrogen and ammo aads necessary for growth and 
replacement A Joint Expert Committee of WHO and FAO recently 
stated that ‘perhaps the most important nutritional problem that is still 
not fully solved is that of meeting the protein requirements of man’ and 
that protein nutrition for yoong children is the mam nutntional ptob- 
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lem of the world, and protein malnutrition, if both its direct and indirect 
effects are considered, is the major cause of ill health’. 

A statement in the WHO Chronicle for October 1965 shows that on 
the available evidence, which is far from complete, between 1 and 9 per 
cent of the child population up to the age of five years in developing 
countries suffer from ‘severe protein caloric deficiency disease’, while it 
is estimated that from 30 to 60 per cent of children between the ages of 
one to five years suffer from mild to moderate protein deficiency. Infants 
in the developing countries are relatively immune from protein defi- 
ciency as they are practically all breast-fed, but women in those poorer 
areas are able to sustain such a production of milk only at considerable 
cost to their own health. After weaning, the foods which are provided 
to the child are usually prepared from cereals, tubers and plantains, 
and fed as gruels, and they are much less efficient sources of protein 
than milk. 

A serious complicating factor mentioned in the same report is that 
unhygenic feeding practices and a poor state of environmental sanita- 
tion lead to repeated attacks of intestinal and respiratory infections. 
This increases the protein loss and depresses the appetite. Food intake 
is further and often drastically restricted and the child may enter a state 
of acute protein deficiency and endure all its consequences. As a result, 
the mortality among children aged one to four years in countries where 
the diet of the child during and after the weaning period is seriously 
deficient in protein is twenty to fifty times higher than in western 
Europe. Growth rates of children in developing countries therefore 
deviate sharply from the normal at the time of weaning and continue 
at a low level throughout the entire period of growth, resulting in 
stunted adult stature. There is also some evidence to suggest that protein 
malnutrition in the first two years of life may also retard psychomotor 
development. 

It is well know that, in terms of biological value for human nutrition, 
egg protein heads the list, closely followed by the protein of milk. Egg 
or milk protein can furnish all the amino acids essential for normal 
growth and healthy life processes, provided that they are consumed in 
adequate amounts. Fish, meat and other poultry products are also high 
in the scale of biological value. A fact of particular importance to the 
nutritional and agricultural policy of tropical countries is that the 
vegetable proteins provided by wheat, maize, rice, beans and nuts are 
of distinctly lower value. They may contain all the necessary amino 
acids, but one or more of the essential amino acids are present in such 
19 
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inadequate amounts that the entire protein is of low biological value 
when It represents the only source of ammo acids m the human diet. 
Thus, incomplete vegetable proteins need to be supplemented with other 
foods of ammal ongin which provide the missing ammo acids 
for good human nutrition It is nevertheless possible to provide a diet 
of conectly chosen plant proteins of sufficiently divergent composition, 
to ensure that the entire spectrum of essential ammo acids is supplied 
This has been done m Latin Amenca, where a combination of maize, 
soybean, defatted cotton-seed meal, torula yeast, calcium carbonate 
and vitamin A is now being produced on a commercial scale 

Orcrall Objectives 

There has in recent years been a great effort on the part of advanced 
countries in temperate environments to promote or to assist in the pro- 
motion of dairy production m developing countnes, especially in the 
tropics and subtropics Large sums of money and a great deal of ex- 
pertise have been made available under mlemational and bilateral aid 
programmes The overall objective has been to provide a cheap and 
rehable, if limited, source of animal protein to populations living, for 
one reason or another, on diets composed primarily of carbohydrates . 

This benevolence on the part of the milk producing donor country 
IS usually confined to providing the equipment for milk-processmg fac- 
tories with their ancillary coUection points, chilling centres, and 
systems of transport and distnbution, and to making available per- 
sonnel expenenced m the assembly and initial management of milk 
plants Any survey that may have preceded the decision to provide 
these facilities has generally been bmited to a study of the nutritional 
status and demands of the community it is desired to serve, and of the 
economic problems of marketing and dislxibuJjcu) .As fax as the produc- 
tion of milk IS concerned, the common belief, stated or otherwise, was 
until recently that ‘you erect a milk plant and the milk will flow’ Ex- 
perience has now shown that this is not necessarily so, and that equal 
attention should be given to all factors related to increased production 
of milk m these new environments, dunng the phases ‘up to the bucket’, 
if the milk factory is to achieve its planned throughput m the reasonably 
near future 

Over much of the tropics, there is competition for limited land 
resources of cultivable land, and difficulty m providing for the integra- 
tion of crops and livestock m the land use and farming systems on 
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which dairy development should be based. Planners must decide 
whether it is realistic and profitable to attempt to produce milk in 
places where there are already not enough calories or grams of protein 
from plants for direct consumption by human beings — ^whether the land, 
water and skill needed to produce the fodder would not be better used 
to feed humans directly. The relative efficiency of bovines, pigs and 
chickens as converters of limited feed resources into animal proteins 
should also be considered. This introduces matters related to the special 
merits of animal, as distinct from vegetable, protein, and of different 
types of animal proteins (with or without the associated vitamin B12), 
which are considered desirable even in relatively small amounts, par- 
ticularly for the so-called vulnerable sections of the community — 
pregnant and nursing mothers and young children. 

Criteria for Dairy Development 

It is probable that, in planning as we now must for the feeding of the 
rapidly increasing population of the coming decades, the inevitable 
trend will be increasingly towards foods for direct human consumption 
and away from animal proteins produced wastefuUy through the body 
of a bovine. The populations of India and the countries of south-east 
Asia are expected to double in the next thirty-five years. Perhaps the 
years immediately ahead represent the only and last chance to establish 
. dairy farming as a permanent component of farming systems. As pres- 
sures on land resources increase, dairy farming may well disappear 
again in favour of farming systems based on cereals and grain legumes. 
The question that arises, especially when land resources are already limi- 
ted, is whether there is still time and the necessary room to manoeuvre. 
When defining the criteria for dairy development, we need to have paral- 
lel studies on the ecological, technical and economic bases for beef 
cattle, sheep and goats. All of these can make greater use of natural 
and generally uncultivable grazing lands than the dairy industry and 
pig and poultry production, and so are less susceptible to increasing 
competition with food and cash crops on cultivated land. 

The introduction of more elficient milk production into developing 
/ countries in the tropics and subtropics raises a number of environmental 
issues in relation to human, plant and animal ecology. The terms, 
"tropics and subtropics, are used in a general way to include many types 
of eco- and agro-climates— countries in equatorial latitudes, the wet and 
dry tropics with variable lengths of dry season, the monsoonal lands of 
21 
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PakisUn, India and south-east Asia, the winter-rainfall regions of North 
Africa and the Near East with cool winters and hot. dry, subtropiral 
summers, the intensity of all these being ameliorated by altitude We 
are concerned, using herbage cnteria, with the lands m which the 
clovers, particularly white, red and subterranean clover (Trifohum 
repens, T pratense and T subterraneum) and lucerne {Medicago sativa) 
do not make a major contribution to the grazmg and fodder resources 
under dry-land conditions 

Milk IS the end product of a particular type of relation or senes of 
interactions between soils, climate, plants, animals and human beings 
We have to deal with the soil, its nature and fertility, the availability of 
surface and underground water resources to supplement the rainfall and 
to make year-round production of fodder for milk possible, the nature 
of the aenal environments in general or specific terms , the adaptability 
within these environments of a vanety of fodder and grazmg plants , and 
finally the types of animals espeaally suitable for the purpose due to 
their poteniid productivity and adaptation to environment, and their 
ability efficiently to convert feeds, fodders and grazing resources into 
the final product, milk Although it is recognized that sheep and goat 
milks do, m certain countries, make a major contribution to human 
nutrition, this review is limited to bovines, since it is with these that 
dairy development in the present context is primarily concerned 
Milk production from bovmcs as an cffinent and profitable industry 
belongs pnraanly to the humid temperate latitudes, but it is now being 
introduced, one might say forced, into environments for which this type 
of animal husbandry and its associated fodder production are not 
always well adapted Great efforts have to be made to overcome the 
limitations imposed by these adverse environments, largely by changing 
traditional standards of animal feeding, management and disease con- 
trol The management of dairy cattle by farm workers in the tropics 
requires a higher level of knowledge and experience than is to be found 
or IS necessary among simitar workers m temperate areas, yet too often 
the work is left to those with the lowest levels of education and training 
There are those who argue that dairy farming is likely to be most effi- 
cient and economic when it is practised in the most intensive way 
possible, and those who hold different views 
It is not possible to consider milk production in the tropics m eco- 
logical isolation Much of the concentrate feed used by dairy farmers 
in temperate climates comes from tropical and subtropical latitudes , the 
more dairy farming is developed m the Uopics, the less of these commo- 
22 
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dities will be available for the temperate zones, which will then have to 
depend more upon high standards of pasture management and fodder 
conservation. On the other hand, if it should become clear that dairy 
farming in the tropics is not feasible either technically or economically, 
we must consider whether milk production in the favourable temperate 
latitudes could be increased sufficiently to meet the nutritional demands 
of the inhabitants of the tropics. 

Definition of Targets 

There would appear to be some need for clarification, or a more pre- 
cise definition by the specialists in human nutrition in the tropics, 
regarding the targets for consumption of milk and milk products. It is 
essential that those concerned with the planning of milk production 
should be given a clear idea of their objectives. No standard regarding 
milk requirements of the entire population has been laid down by an 
international organization. It is, however, generally accepted in India 
that the approximate milk requirements of different age groups are as 
follows: 


Age group 

Optimal requirement 
in ounces per day 

Infants 

20 to 30 

Pre-school children 

16 

School children 

10 

Adults 

6 

Expectant and nursing naothers 16 


These allowances are based upon the nutritional needs of the various 
age groups and the quantity of milk required to meet the needs of aiu'mal 
protein and calcium in average diets consumed by a large majority of 
a primarily vegetarian population. On the basis of the above figures, 
the national requirements per caput will work out regularly to an 
average of 10 ounces per day, which is the figure suggested in 1944 by 
the Nutrition Advisory Committee of the Indian Council of Medical 
Research. It is this figure which provides the production target of 133 
million litres per day (Table 38). 

. The precise requirement of milk in the Indian diet obviously cannot 
I be considered in isolation but only in relation to the other ingredients 
in that diet. It is not possible to be precise about milk requirements, but 
one can speak in terms of figures for requirements of dilferent nutrients 
23 
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such as protein, vitainins, etc Protein needs may be met through a 
vanety ofprotein-nch foods of animal and vegetable ongin Since ani- 
ma) foods provide proteins of relatively better quality than vegetable 
foods, It IS desuable that a certain proportion of the protein require- 
meats should be denved from ammal sources 
Although Indian speaahsts in human nutntjon stiU retain the 
theoretical target of 10 ounces per head per day, they realize that the 
rate of increase of nulk production in the country is necessarily slow, 
and that even an intake of 10 ounces per head per day may not be prac- 
ticable within the foreseeable future It has been found that a judiaous 
mixture of vegetable protein foods may supply proteins of fair quality 
m the Indian diet It has, therefore, been felt that, provided a mixture 
of such vegetable proteins is assured in the diet, the level of milk intake 
could be reduced to a figure of 6 ounces per head per day It is this figure 
which provides the production target of 80 million litres per day 
CTable 38) 

It would be well if those responsible for promoting nulk production 
and processing in the developing countries should be fully aware of the 
magnitude of the task upon which they have embarked Most of the 
major milk-producing countnes of tbe world are in Europe (including 
the U S S R), North America and Occama In 1963-4, these countnes 
produced 450 million litres of milk per day CTable I) for a population 
(1965) of 900 million This amount of milk was produced from about 
65,000,000 cows with an average production per lactation of about 
3,200 litres (It is not known whether the figure for number of dairy 
cows refers to total bovine population, or animals of brecdable age in 
nulk or dry, or animals in milk.) The population of the countnes of 
Asia, Afnca and Latin Amenca (1965) is about 2,200 million, and milk 
production negligible in proportion To meet the nutritional needs of 
these latter countnes at the same level, namely 0 50 litre of milk and 
milk products per head per day, it would be necessary to provide 1,100 
million litres per day This would mean the development of a dairy 
mdustry m the tropics and subtropics with about three times the present 
produang capacity of tbe temperate countnes For this production it 
would be necessary to have 1,100 million productive bovmes giving 
2,500 litres per lactation, or 200 million bovmes (m milk?) of tbe aver- 
age yield per lactation already achieved in the developing countnes, or 
at l^t 400 million bovmes giving average yields per lactation current 
ra the tropics (Table 1) This is id regions where there are few animals 
o these levels of production Anwmd breeders will appreciate the magni- 
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tude of that task in relation to the numhers and quality of the bovine 
populations of the developing coimtries at the present time. Alterna- 
tively, it would call for up to a fourfold increase in production in the 
temperate countries, if the needs of the populations in the developing 
countries are to he wholly or partially met from the temperate regions. 
Even if the advanced countries were to be called upon to produce dried 
skim milk to dilute high-fat buffalo milk down to 3 per cent or l-S per 
cent fat milk, the potential demand would be very great. 


Table 1 

Production and utilization of milk in developed countries 
(from Annual Reports of New Zealand Hairy Production and 
Marketing Board) 


Country 

Number of 
dairy cows 

Year (in thousands) 

Yield 
per cow 
Oitres) 

Total milk 

production Percentage 
per annum manu- 
(million litres) factored 

Australia 

1964 

3,296 

2,047 

6,723 

77-7 

Belgium 

1963 

1,041 

3,667 

3,825 

67*5 

Canada 

1963 

2,915 

— 

7,542 

59*4 

Denmark 

1964 

1,370 

3,663 

5,017 

79-6 

France 

1963 

10,715 

2,502 

25,285 

57-8 

Irish Republic 

1963 

1,482 

— 

2,628 

62-4 

Italy 

1963 

4,935 

— 

9,153 

44*4 

Japan 

1964 

1,238 

— 

2,929 

38-9 

Netherlands 

1963 

1,750 

3,942 

6,763 

71-6 

New Zealand 

1964-5 

2,068* 






3,128t 

2,925 

5,755 

89-2 

Sweden 

1963 

1,235 

3,195 

3,780 


United Kingdom 

1963 

5JXW 

3,528 

10.746 


U.S.A, 

1964 

18,073 

3,433 

56,970 

50-5 

West Germany 

1964 

5,799 

3,442 

20,074 

63-5 

Total 

Million litres per year 

Million litres per day 

64,981 (av.) 3,234 

167,190 

458 



• Dairy cows in miik. 

t Total dairy stock (breeding bulls, cows and heifers 2 years and over, and heifers 
aged 1 and under 2 years, and under 1 year of age). 


In either case it is important to know the rate per year at which the 
total number of productive milch animals may be expected to increase. 
This figure must differ widely in relation to the quality of the existing 
bovine population, the possibility of herd improvement, average dale 
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of first calving and duration of interval between calvings, possibility of 
cuUing by slaughter, and the availability of adequate feed and fodder 
resources Under favourable conditions, as in Japan, the number o 
mature milkable cows m a closed population (no importation of females) 
may be expected to increase at the rate of about 1 8 per cent per annum 
Assuming that the production of milk is technically and economically 
feasible m tropical and subtropical latitudes, it will nevertheless be 
most difficult to establish an industry (and particularly to provide the 
number of productive bovines required) before 1980 at the earliest By 
that time, the population of the advaniid countries will have increased 
to 1,023 million, and therefore the demand for milk and milk products 
by 10 per cent The population of the developing countries m Asia, 
Afnca and Latin America will by the same date have increased to 2,850 
million (family planmng cannot be expected to have had any great 
effect by 1980), and by 2050 a d (85 years hence) to 8,000 miUionC*^ 
m the absence of an appreaable acceptance of family planning We may, 
however, hope that other countries m Asia may emulate the achieve- 
ment of Hong Kong, where the birth.rate has fallen steadily during the 
penod 1960-5 from 160 to 130 babies to every 1,000 potential mothers 
Of all the factors that operate m the tropics and subtropics to limit 
the possibility of success witb dairy development, this enormous in- y 
crease m human population is undoubtedly the most important It is 
quite impossible to ensure now that all the inhabitants of developing 
countries will receive Iheir nutritionally desirable daily ration of milk 
and milk products All that the dairy industry in the tropics can now 
achieve is the provision of a small amount of expensive, locally pro- 
duced milk and imlk products for a favoured section of the community 
It may be possible to establish an economic and efficient form of dairy, 
husbandry based upon the integration of crop and animal production 
in a limited number of areas But this can be only a token development, 
completely inadequate for present demands, let alone a fourfold increase 
in population m the next eighty five years, and an even more ominous 
theoretical prospect m the centunes immediately following A d 2050 
If the world can complete Stage 1 by increased production and better 
distribution of crops, for direct human consumption, at the same time 
restnetmg population growth, it may be possible for vast numbers of 
people to cross the threshold into Stage2 Well-planned developments in 
animal breeding and husbandry and grassland management, and in the 
production of feeds and fodders would become important Greater avail- 
abhity of Stage 2 foods would reduce the demand for those of Stage 1 
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The task facing planners in the Far East, for example, is enormous, 
as will be seen from a recent report by an FAO/WHO Expert Group 
on Protein Requirements (1965). The Far Eastern countries have avail- 
able 6 to 17 grm. of animal protein per head per day. These generalized 
figures must be accepted with caution, however. A figure of 5 grm. of 
protein from milk and milk products in India is based upon a hypo- 
thetical total national production of milk which is not confirmed by 
calculations of actual production. For comparison, the amounts of 
animal protein available in grm. per head per day in other regions were 
given as : Europe, 20 (Spain) to 57 (Ireland) ; North America 63 (Canada) 
and 65 (U.S.A.); Latin America 12 (Peru) to 57 (Argentina); Africa and 
Near East 10 (Libya) to 33 (Israel); Australia 61 ; New Zealand 72. 

If this faraway goal of balanced human nutrition could be achieved, 
any reduction in birth-rates due to family planning would again be lost. 
The major ecological factors of natural selection which have so far 
eliminated the weaker infants, chronic malnutrition and malaria, would 
no longer be operative. Populations would probably increase again at 
an excessive rate, and the demand for food for Stage 1 would again 
become the dominant factor. An important contribution to population 
explosion is made by better nutrition in Stage 2, the efiect of which has 
not yet made itself felt in India, Pakistan, China and many other 
countries. 

Against this background of the factors of human reproduction and 
ecology, it is perhaps a little academic to discuss the problems of plant 
and animal ecology in their relation to dairy development in the tropics. 
Yet much more attention must be given to these factors in the planning 
of dairy development to the extent to which it is feasible. It has been 
shown that the lactation yield and efficiency of feed conversion of the 
bovines are the dominant factors. Although fodder production and the 
provision of grazing on sown or planted pastures are based on a remark- 
ably narrow range of legumes and grasses, it is probably true to say 
that there are species available that are adapted to most conditions in 
which dairy development is seriously contemplated. Most of them are, 
however, quite unimproved and only one stage removed from their 
wild counterparts, if that. There is need for an intensive programme of 
plant exploration, collection and exchange in order to broaden the 
ecotypical and genotypical basis upon which plant selectors and breeders 
may work. Then the cultivated fodder component of the new farming 
systems designed to promote daisy development will become available 
to farmers according to their needs and economic capacities. 
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Politics of Notntion 

Many of the tropical countnes dismiss^ ^avc Politj^l 
ba«d on at least a^heoretical equality “f Tn- 

present or ultunatc standards of living M is> o ■ ^ 

creasmgly clear that equal standards of j physically 

community cannot be achieved in the foreseeable future pny ^ 
impossible with current knowledge and t^hniqu« “ P™^ “ 
populations of Pakistan. India and southeast Asia 
^ems in the form of milk, eggs and meat in ^ fhlV 

population which will have any significance It is f 

desirable that everything should be done to increase 
these mgredients of the human diet to the maaimum Those urban M 
industrial secUons of the community with the high P ^ 

wiU be able to afford them, thus the pressure of their « 

and purchasing power will be taken off the food grains and these wu 
remain within the purchasing capaoty of the poorer people S 
nutrition is therefore not at present possible in a soraabst state, 
increase in total population makes it impossible to keep UvestocK ano 
everyone is reduced to a cereal /vegetable diet at the present expenen 
by the majority 


The ProdnctiOD Phases 

If after this introduction to the enormity of the task facing the officers 
concerned with the development of a dairy industry m developing 
countries, particularly m the tropics and subtropics, courage has not 
failed, we may proceed to the consideration of the many factors of t e 
natural and induced environment which have to be reviewed during t e 
planning stages Let us assume that it has been decided to estabhsh a 
milk processing factory, on the basis of a survey of urban demand an 
nutntional standards and that figures, m litres per day, have been fixed 
for the initial and later levels of mput of milk mto that factory Let us 
also assume that those phases of a dairy project relating to such matters 
as improvement of access m rural areas, coUection, chilling, processmg, 
marketing and distribution are all bemg taken care of by others This 
leaves us with those parts of the whole process, the production phases, 
that are too often seriously neglected, or considered too late m relation 
to the date of entry into operation of the milk factory 
28 



Chapter II 

GEOGRAPHY OF DAIRY DEVELOPMENT 


Ecological and Other Considerations 

D ecisions regarding the geographicai basis for rurai milk produc- 
tion are the responsibility of the specialists in the ecology of 
dairy production, of the economists concerned with investment, 
returns and markets, and perhaps above all of the dairy techno- 
logsts. 

The radial limits of production are governed by the interval that may 
be allowed to elapse in the tropics, with their combination of high day 
temperatures and unhygienic methods of milk production, between 
milking and chilling. This is usually said to be a maximum of three to 
four hours, a radius which, according to the method and speed of trans- 
port, seriously limits the potential for milk production in areas remote 
from markets and with inadequate transport facilities. 

The planner of new systems of land use and farming for milk pro- 
duction in developing countries may have to reconcile two contrasting 
situations. On the one hand, in many areas in which devefopment I's 
planned, the present agrarian structure and pattern of land use and 
tenure may impose considerable difficulties in the production phases. 
^On the other hand, dairy development offers a way out of an impasse, 
away from age-old static and sterile systems of monoculture, badly 
designed rotations, and miserable standards of livestock husbandry. 
The land-use planner and developer who would introduce dairy farming 
into a proposed milk procurement area must assess the present position 
and the limiting factors on the lines indicated in Chapter XIII and 
decide whether the situation is favourable or could be made favourable 
for a new and dynamic approach. 

The economic viability of an intensive dairy industry depends in the 
* final analysis upon the.ayailabilily of high-quality_feeds_an d fodde rs, 
fresh or conserved, for as many months~of the year as possible, to pro- 
vide a uniform level of nutrition to animals with a lactation yield that 
will make the cultivated fodder area competitive with the food and cash 
29 
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crops in terms of casb return per umt area There are only limited areas 
in the tropK^ and subtropics where the provision of fodder for sustained 
and mtensive dairy production throughout the year docs not depend 
upon the availability of water for at least seasonal imgation This com- 
modity IS rarely cheap Only an efficient and hi^ly productive dairy in- 
dustry can be competitive with food and cash crops for expcnsis e water 
and land It may be that the imgatcd cultivation of fodder legumes and 
grasses needed to reduce dependence upon concentrates cannot be 
recoimnended as an economic proposition until the milk yield of the 
flnimak per annum or per lactation has reached a certain level On the 
other hand, farmers who can afford imgation and the expense of culti- 
vating irrigated crops can surely also afford to buy the better animals 
that are needed 

However, most tropical regions have not by any means reached this 
stage of refinement Dairy animals of relatively low productivity still 
have to obtain most of their feed from natural grazing, on which they 
can produce little imlk, and from crop residues and concentrates This 
low standard of production will be mamtamed until the economic 
stimulus of a regular and profitable milk market leads to intensification, 
based upon improved animals, a maximum of cultivated fodder fed 
green or m a conserved slate, and the necessary concentrate supplement 
still required over and above that Until then, cbmate btmts the growing 
season and there is not much room to manccuvre m improving fodder 
production, yields from annual ramfed fodder crops may be too low to 
be economic Non irrigated fodder crops and the seasonal growth of 
natural pastures follow the growth cycle of the locabty in question , the 
nature of this cycle governs the cboire between annual and perennial 
species, between extensive and intensive cropping systems, and between 
alternative methods of fodder conservation, and so defines the types of 
animal husbandry that ma^he.ijj7ictis«i 

Agroebmahe Gradients and Land Use 

An agrocbmatic or humidity or ramrall gradient may be expressed as 
follows 

In zones with a low rainfall which vanes widely between seasons 
and IS distnbuted in an cnatic geo^phical manner, migratory grazing 
is practised, since the areas to be covered in search of grazing are so vast 
and the seasonal location of the gazing so vanable geographically that 
ranching within a presenbed area is impossible Livestock show marked 
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seasonal fluctuation in condition and number and suffer severe losses 
in extreme years. 

(6) Where rainfall is sufficiently reliable in annual amount and geo- 
graphical distribution, but there are still long dry seasons, it is feasible 
to keep animals on a ranching system within prescribed limits of land. 
Livestoek show marked seasonal fluctuation in condition unless con- 
served fodder or concentrates are fed. 

(c) With further increase in rainfall and shortening of the dry season, 
ranching units which incorporate a small proportion of good land for 
cultivation of annual fodders become possible, thus eliminating the 
loss of weight and condition in livestock characteristic of the first two 
zones; calving intervals are also reduced. 

(d) The next stage permits a progressive increase in the fodder acreage 
in relation to the uncultivated grazing land, the cultivation of perennial 
fodders or even the sowing of pastures and the practice of rotation with 
food and cash crops, but still with a considerable acreage of natural 
grazing land in the unit. It becomes possible to keep better animals 
requiring a higher plane of nutrition. 

(e) Finally there are the most favoured areas where rainfall in one or 
both of the annual cropping seasons is adequate and reliable or where 
irrigation facilities are available; in these areas most of the land can be 
cultivated. Since these zones are usually the most densely populated, 
holdings are generally small and there is room only for a short-term 
annual fodder crop in the characteristic monocultural system. 

Dairy farming may be expected to be a practical and economic pro- 
position in zones (d) and (e), extending into the bordering zones for the 
maintenance of dry animals or the rearing of young stock. It is unfortu- 
nately true that attempts have been and are still being made to establish 
milk projects under the conditions described for zones (o), (6) and (c), 
and in the absence of water supplies sufficient for irrigation. 

Stratification by Altitude 

R. H. D. Sandford (®“) has made a rough generalization regarding the 
ecological zones of Ethiopia, and the types of land use and animal hus- 
bandry which are suitable in each, as follows: 

(u) Dry Pastoral Areas: Rainfall 200 to 450 mm. 

Suitable for the rearing of cattle and sheep under extensive free 
ranging conditions. Low densities and light holding capacities of 
grazing result in hardy stock, generally free from heavy internal 
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parasite burdens, which wiU respond quickly and effectively 
moved on to better conditions Conditions too harsh for jnilk 
production or finishing for beef Suitable for fine wool sheep 
where graang does not contain too many needle and burr grasses 
such as AnsUda spp and Heteropogon contortus 
(6) Semi-Dry, Marginal Cropping Areas Rainfall 450 to 600 mm. 
AlUtude usually 4,000 to 5,500 feet The best natural grasslands m 
Ethiopia containing species of Chlorls, Cenchrus, Cynodon, Pen- 
nisetum, Brachiaria, Setaria and Bothnocbloa, found in this range 
Areas suitable for rearing and finishing beef cattle, especially in 
big umts with modem ranching methods 

(c) Medium and High Rainfall Crop Farming Areas Rainfall 600 to 

over 1,200 mm 

Altitude 5,000 to 9,000 feet Suitable for all forms of livestock 
operation including intensive systems and the use of exotic breeds 
under skilled management 

(d) Highlands Rainfall 800 to 1,200 nun Altitude over 9,000 feet 
Many of these areas are m fact under cultivation but yields arc 
poor due to thin soils and low temperatures and, (be areas being 
steep and mountainous, erosion is often severe Reafforestation 
and sheep farming for mutton and carpet wools would make 
economic use of these altitudes without soil deterioration Too 
high in general for cattle 

(e) Irrigation Areas Low altitudes and high temperatures Although 
at present on a limited scale future irrigation projects are likely to 
develop The opportumties in these projects for intensive live- 
stock production in conjunction with seasonal use of dry hinter- 
lands should not be overlooked Experimentation in the growing 
and feeding of irrigated fodder crops required 
There are many conditions m which it is possible to consider the 
degree of investment, intensification of production and nature of cattle 
industry in relation to geographical factors such as distance from the 
milk factory and its ancillary chilhng and collecting centres In a moun- 
tainous country like Japan, the return on the investment involved in 
land reclamation, soil improvement, and pasture and fodder establish- 
ment and maintenance in the valleys must be at least three times what 
it IS at higher elevations In considering the place of different types of 
cattle husbandry in relation to the dairy and beef industries of Japan, 
the following stratification has been worked out in relation to altitude, 
accessibihty, and distance from village and milk collecting centresf^**) 
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A similar approach might be adopted around milk factories in other 
parts of the world, based again on the principle that dairy farming calls 
for the production of the highest quality fodder on the best soils, and 
gives a high return on the investment if effieiently operated through 
productive animals. 

(а) High altitudes 

Pasture improvement: Ploughing up, fertilizing, fencing and sowing 
of a limited area, say one-tenth of the whole area being treated; cattle 
are admitted to improved area for, say, one week per month for grazing, 
to obtain a high-protein ration as variety to the normal regime on the 
natural grassland. Natural grassland would be managed in the usual 
way to provide grazing and hay, with the hope that trampling and 
manuring by cattle would begin the reclamation process, to be followed 
by lime, fertilizer and a seeds mixture. 

Livestock: Mature breeding cows and young rearing stock of the 
indigenous breeds; within this and subsequent strata the possible intro- 
duction of follower sheep to clean the pasture. 

(б) Medium to high altitudes 

Pasture improvement: Discing of natural vegetation, application of 
fertilizers, and over-sowing with seeds of adapted strains of grasses and 
clovers (inoculated); elimination of regenerating natural species and 
promotion of sown species by controlled, but at first relatively heavy, 
grazing by mixed livestock, combined with the use of fertilizers. Area to 
be fenced to permit rotational grazing from the start. 

Livestock: Indigenous cattle, combined where possible with sheep. 
Possibly also dry animals of dairy breeds from lowlands. Ultimately the 
stratum for the breeding and rearing of young stock of imported beef 
breeds. 

(c) Medium altitudes 

Pasture improvement: Ploughing up of whole area, fencing, applica- 
tion of fertilizers and sowing of seeds mixtures of adapted grasses and 
clovers. Subdivision into units for correct grazing control, with or with- 
out milking sheds or parlours and wintering quarters for the cattle. 
Facilities for harvesting and storing of hay and silage. Possible ultimate 
development of some form of crop rotation when pastures are ready 
to be ploughed up. A seed-potato industry has been suggested as a 
possible economic proposition at the higher altitudes, and this would 
c 33 
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be a good way of cashing m on the residual fertility of the grazed 
pastures 

Livestock Dairy farming co-operalives on the Oita pattern ury 
stock farms for dairy breeds Fattening of young indigenous animals 
for sale direct as beef, or to the Kobe beef-fattening industry Ultimately 
the stratum at which to fatten imported beef breeds 

(d) Foothills 

Pasture improvement Similar to that suggested for medium altitudes , 
blocks to be improved by co-operative effort by farmers of the plains, or 
the complete integration of temporary leys into farming units of the 
^pe practised by the new settlers Again facilities in the co-operative 
blocks to be provided for fodder conservation and, to a limited extent 
only, for the cutting of green feed and its transport to the farms at lower 
elevations (bad examples of the result of continuous cutting and removal 
of green feed without return of fertility can be seen m many areas) 
Livestock Grazing of dairy cows, if within walking distance of the 
village, or if facihties are available for field milking, and for the trans- 
port of milk down to the collecting centres Grazing of dairy cows on 
temporary leys m mixed farming enterprises, with stock controlled by 
tethering or electric fences 

(c) Valleys and plains 

Pasture improvement The small size of individual holdings limits the 
possibihties for sown pastures in paddy rotations The present emphasis 
probably must remain on cultivated fodder crops or Ladmo clover for 
cutting and feeding to stall fed dairy cattle The increase of the present 
ceding would create conditions for Icy farming comparable with those 
already existing m the foothill zone 
Livestock Dairy cattle, and the indigenous animals required for 
draught and for the production of stable manure for the arable land 

Pattern based on Concentric Circles 

For less mountamous countnes m Asia and the Far East in general, 
and in India m particular, another pattern might be adopted, based on 
approximately concentnc circles and i**) 

Inner Circle Radius of 60 to 80 km. from dairy factory, depending 
upon transport facihties and number and location of chilling centres 
around the penphery 
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Cultivated fodder crops in arable rotations. 

Fodder from urban sewage farms. 

Producing milch animals, stall-fed. 

Pigs and poultry. 

Crops and cultivars thereof capable of utilizing high soil fertility. 
Middle Circle: Radius 80 to 130 km. from dairy factory. Farmers 
would become accustomed to standards of feeding for dairy animals, so 
that they might become milk producers when the radius of the Inner 
Circle is extended through provision of facilities for milk collection. 

Sown or natural pastures and cut fodder. 

Dry milch stock and rearing farms. 

Seed production farms. 

Haymaking industry (high-quality fodder crops) for Inner and 
Middle Circle. 

Outer Circle; Radius 130 km. and beyond. 

Sown or natural pastures. 

Hay harvesting from natural stands, in forests and similar lands. 

Fattening dairy males from Middle Circle or breeding and fattening 
special beef animals or crossbreds (dependent upon market for 
beef). 

f 

Land Survey and Planning 

In the original assessment of potentialities in the areas around a pro- 
posed nulk factory, it is most important to collect, study and classify all 
the geographical and other data available regarding the use of the land, 
systems of tenure, size of the individual holdings, the agrarian structure, 
the type of ownership of animals, and so forth. When a factory has been 
established and is in operation, there are a number of administrative, 
regulatory and legal actions which may be introduced on the basis of 
Lthe original data. In many cases the introduction of an efficient dairy 
J industry represents quite a revolution in land use and farming systems, 
i There are a number of ways in which the direction and rate of this revo- 
lution may be guided and stimulated (see Chapter XIII). 

It is to be hoped that the authorities responsible for the land in the 
area around a milk plant >vill have made or plan to make a comprehen- 
sive survey of land types and capabilities, on which may be based new 
land policies, and systems incorporating the required degree of dairy 
farming. These surveys may be of the broad land ecology type adopted 
by the Division of Land Research and Regional Survey in CSIRO, 
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Australia, and by Taylor C“) Nicaragua, or of the 

and agro-economic types developed in South Africa and Southern 

Rhodesia, and may lead to the grouping of specialized studies tabulateo 

by Whyte{’“) (see Fig 1) The classification of land and the expressions 

of land use potential which anse from such surveys will clearly 
where dairy fanning can best be developed They will show when fodder 
crops or artificial pastures, dry or imgated, may be introduced up to a 
certain percentage of the total acreage in rotation with the major food 
and cash crops planned for the region m question In agricultural areas 
provided with new irrigation facilities it is desirable that an obligation 
to put a certain percentage of the area under leguminous and other 
fodder crops should be included in the new leases or other agreements 
with cultivators 

Arising from these considerations comes the need to study the inte- 
gration between crop and animal (dairy) husbandry, particularly the 
economic size of the holding on which it is possible to practise these 
types of husbandry together In so many areas m the tropics and sub- 
tropics, dauy development in rural areas is hindered by the extreme and 
increasing competition for limited land resources as between food, cash 
and fodder crops, between man and livestock The cultivator cannot be 
expected to devote any considerable part of his tiny acreage to the culti- 
vation of fodder crops unless he can be convinced that the return per 
unit area will be as much as or more than from his food and cash crops 
When the incentive of a regular market for milk is provided and cash 
payments are made as soon as possible after delivery of milk to the 
collecting centre, there is evidence that high-yieldmg fodder crops can 
be made competitive provided the productivity of the dairy ammals is 
up to a cntical threshold value 


Trials are necessary on pilot farms in dairy development districts to 
show the effect of growing fodder crops in a mixed farming system upon 
the productivity of the whole enterprise If one fifth to one-tenth of a 
holding IS placed under a well fertilized fodder crop, and that acreage 
IS moved progressively around the farm, wiU the total yields of the food 
and/or cash crops from the reduced acreage be less than, as much as, 
or more than was obtained before the introduction of the fodder crop, 
and the full return of animal manure into the farming system, using 
none for fuel‘s In desigmng the geography of dairy development, the 
planner must also consider the relative merits and limitations of the 
various systems of bovine husbandry which are discussed in Chapter 
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(A) Integrated survey of environment 

Climate Geology Geomor- Soil Water Vegeta- Past and pre- 
phology tion sent land-use 


(B) Synthesis into land units, types and systems 


(C) Breakdown into major land-use classes 


Forest land Grazing land Cultivated land 

Rainfed Irrigated 


(D) Specialist studies related to land-use classes 


Forest eco- Grassland Intensive soil 

logy, survey, surveys, eco- survey, crop eco- 

inventory logy, succes- logy, agronomy 

sion, mapping 

Ecology, adaptability, 
tolerance of domestic 
animals 


Management Crop adaptability 

trials with trials, formula- 

different tion of farming 

types of live- systems, crop rota- 

stock tions, integration 

of crop and animal 
husbandry 


Measurement of run-off and soil loss under different plant 
covers and with different systems of management 

(F) Evolution of integrated land-use patterns 


(E) Forest man- 
agement, pre- 
paration of 
Working Plans 


Fia. 1. Six phases in the classification and analysis of potential of land 
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The targets with which the land use planner has to deal m respect of 
a procurements area around a milk plant of specified daily through- 
put or input may be expressed as 

(а) the total productive bovine population (in milk and dry of breed- 
able age, and growing) that is required to provide a sufficient per- 
centage and number of animals in milk at any one time to produce 
a given quantity of milk per day, 

(б) the total amounts of the locally available or potential green and 
dry fodders, concentrate feeds and grazing needed to feed this 
total livestock population at all periods of the year , and 

(c) the area of farm or other land needed to produce these feeds, 
fodders and grazing, taking into consideration the average local 
standards of farming and the average yields of the fodder or straw 
crops or the carrying capacity of the grazing land 
It IS necessary to consider the potenUalities for improvement of the 
soil fertility, the water resources, the fodder plants, and the species m 
the natural vegetation, and finally the livestock, their productivity, 
adaptability, possibihiy of change in feeding and management, im- 
provement of situation regarding diseases and parasites, breeding and 
introduction of more productive animals Fodder improvement and 
hvestock improvement go hand m hand, if the fodder is improved, 
better animals are needed to provide an adequate return on the greater 
mvestment and costs of production, if the animal is improved, it is 
necessary to provide a higher plane of nutnUon so that it may express 
its potentialities m a higher milk yield 
With these basic data, one can consider and calculate many other 
factors involved m planning and financing development, within an 
individual milk scheme, for example ^ 

(a) the funds needed to assist the producers in the purchase of better 
janmabv 

{b) the capacity of one or more feed mixing plants, 

(c) the annual requirements of seeds to maintain the fodder acreage, 
and the size of seed farms needed to produce that seed (remember- 
ing that certain seeds are a by-product of normal farm produc- 
tion), 

(d) the amount of fertilizers needed to maintain high yields on the 
fodder acreage, and 

(e) the funds needed for subsidies or loans to cultivators on an acre- 
age basis, or for the provision of the above amounts of seeds and 
fertilizers free or at concession rates during an initial period 
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Chapter III 

PLANT GROWTH AND ENVIRONMENT 


Climate, SoSs, Topography 

T he most important factors of the physical environment are climate 
in its broad sense, the nature and fertility of the soils (including 
trace element status), the availability of underground or surface 
water to supplement the rainfall, and the topography of the land. These 
factors, combined with those of the economic environment, in which 
factors introduced by man (roads, bridges, etc.) are included, wiU jointly 
govern whether a milk project may be a successful and economic ven- 
ture. 

The regions and countries which are covered in this review, and par- 
ticularly in Chapter XII, represent a cross-section of the equatorial, 
tropical, subtropical and adjacent world. The Country Studies and 
general discussion show how the agroclimatic conditions, and partic- 
ularly the length and nature of the growing season of plants, define the 
specific problems that arise in any individual country or regjon, and 
govern the type of fodder production and hence the type of animal 
husbandry that may be developed. There are the countries with the 
‘Mediterranean’ type of climate of winter rainfall/summer drought, the 
monsoonal and other tropical countries with wide variations in length 
of dry season, the summer rainfall countries, and the arid and semi- 
arid countries where continued fodder production is entirely dependent 
upon irrigation and which are exposed to the dangers of salinity. 

In discussing developing countries with special reference to the 
tropics, one must not be too strict about latitudinal boundaries. 
There are many high-altitude areas well within the tropics that are 
temperate or sub-temperate in climate, although with short photo- 
periods. Conversely, there are areas outside the subtropics which never- 
theless have summers with marked subtropical characteristics, for 
example, southern Italy with its annual alternation between northern 
European winters and North African summers, Japan with its altem- 
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ation between Sibennn sub-arctic winters and humid subtropical Pacific 

'"ugh some type of paralleUsm may be ^ 

cbmatic basis, as between type of fodder production an yp 

husbandry and hence of dairy development, . is also t™e tnat^ 
milk scheme within a country even of Jenstics and 

have Its own speaal eco-climatic and * of enwronment 

therefore calls for individual analysis of the elements 

^"xhe relations between domestic livestock and VP* * 
bandty and the environment ate discussed in Chapter 
provision of animal feed is concerned, it may c arowth 

reservations that climatic conditions which permit continuo ^ 
of green herbage (most parts of New Zealand, for "''”P''=j; ^ 

suited for a year-round feeding programme based on a ^ 
of pasture grass or green fodder, and so for an efficient mil P , 

based pnmanly on gtaang But m most parts of the 
world, the provision of fodder for sustained and intensive daiiy P « 
tion throughout the year necessarily depends upon the availanmcy 
water for seasonal imgation of cultivated land What may be inc m 
‘grassy’ country like New Zealand with a well distributed rainfau ano 
equable temperatures may not be true for a humid tropical cnvironmen . 
for example As air temperatures nse and the problem of heat dispos 
by the animals becomes more urgent, appetite is often reduced m or er 
to reduce the ‘heat increment’ ansing from digestion In most places, 
however, climatic conditions impose a limit to plant growth because o 
the occurrence of a cold and/or dry season The grass is green and grow 
mg for only part of each year, and it is no longer possible to feed animals 
on fresh green herbage grazed on the pasture or cut and earned to t e 
stall Special measures have then to be taken to conserve green herbage 
dunng the growing season and/or to purchase gram and concentrates 
to carry the animals over the season of no plant growth The longer t e 
dormant season, the more conservation is necessary and the greater the 
cost of the enterpnse 


Agroclimatic Factors 

Climatic vanability must always be considered when planning the 
nniTTiftl husbandry and the fodder production and utilization of a milk 
procurement area or an individual farm within that area under non- 
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irrigated conditions. The main factors to be recorded are the variability 
of precipitation in dry areas, in both annual figures and seasonal 
changes from one year to another, and the frequency of abnormally cold 
autumns and springs which curtail the growing season and entail more 
stall feeding of conserved fodders. The planning of dairy fanning units 
has to be done on the basis of the expected frequency of these and other 
untoward events. Data on environmental factors which cannot be 
changed by man Oight, temperature, wind, etc.) will indicate the poten- 
tial growing season, while data on availability of water from rain or 
from irrigation will indicate the period and duration of the actual grow- 
ing season. In non-irrigated low-elevation tropical areas, the actual 
growing season does not differ much from the rainfall season, and may 
last from less than one month to the whole year, as temperature is not 
a limiting factor. In areas where irrigation water is available at all times 
of the year, the actual growing season is the same as the potential be- 
cause water is made available when necessary. 

The routine meteorological data which may be used to define the 
environment for the growth and reproduction of plants and animals are 
monthly average of maximum temperatures, monthly average of mini- 
mum temperatures, monthly average rainfall, monthly number of rainy 
days, average relative humidity or saturation deficit of air at appropriate 
hours of the day, and evaporation in a twenty-four-hour period. Where 
the rainfall season and the growth periods of annual crops are short, 
say four months, it would be desirable to give averages for periods less 
than a month, but these are seldom reliable owing to large variations 
about the average, especially in dry areas. Such data as could be col- 
lected in the time available are given in the Country Studies in Chapter 
XII. 

Apart from the above, other important parameters to be considered 
are; 

(а) duration and intensity of season with temperatures too low for 
plant growth; risk of early and late frost; 

(б) duration and intensity of season with very high temperatures, 
with or without low air humidity, which may affect plant growth 
and influence animal condition, behaviour and production 
(periods with maximum temperatures about 35° and 40° C, with 
hot winds); and 

(c) distribution, variability and intensity of precipitation ; average and 
and extreme dates of beginning and end of rainfall season; data 
on evapo-transpiration. 
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land, has used the ^“ “Xction m England and Wales 

m a study of the <'Wnbution o P transpiration 

Effective transpiration is defined ^ moisture defiat 

occurring between April and Septem 45,5 

has a maximum of two inches within , ,1^ , ^L-nter with the per- 

relevant paper ,s quoted as an Appendut to this chapter, wi 
mission of the Meteorological Office „ j., of a particular 

Chmatic records for the assessment “f national 
milk procurement area may gpnera y , ^ jnake special 

meteomlo^cal services, -/"“l ve“menSds me^t avadable 
studies on the new parameters above When reMrds oiogical 

or are inadequate, it is possible for someone -th ^ corr^ 
feel for a habitat to study the phenology of the species 
vegetation and of cultivated crops of all kinds mge of 

duration of the growing period and to obtain an ord ^ 

actual production The degree of vanability from year to y my 
interpreted from data on crop yields and Sd 

tion? hvestock losses from drought and starvation, and the route 
limits of traditional migratory movements ih- fodder 

To sum up. It IS the growth period of the sown ° ‘ , ^,00 

crop that governs the type of animal husbandry and P 
that may be evolved in any particular environment In ‘be loti& 
perate growing season of New Zealand, a mammum penod ol ^ B 
on sown pastures of perennial grasses and legumes is possib , 
conservation of fodder is necessary and therefore a mimmum ol su 
or sheds for stonng hay Winter quarters for the cattle are not 
Imgation equipment does not have to be provided At the o ^ 
treme, we have the monsoon chmate in northern India, where mos 
the green fodder has to be grown under irrigation and cross bred cat 
and buffaloes are kept in the sheds dunng most of the hot season, un 
conditions in which a dairyman in the Umted States of America mlgn 
provide specially designed sheds with air^conditiomng 


Agrocltmate and Production 


In discussing the relation between climate and agncultural produ^on 
m Uganda^ Peter Huxley(“) has stated that ‘the study of climate deals 
with the analysis of seasonal levels of vanous meteorological factors 
which influence us throu^ the aenal environment Short term devia 
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lions from the expected climatic pattern are described as weather. In 
agriculture, a knowledge of both climate and weather is an essential 
basis for the adoption of any farming system, and practical farmers all 
over the world have discovered, by trial and error over long periods of 
time, patterns of farming suited to their respective climatic areas. In 
many cases today these farming patterns are no longer economically 
feasible or socially acceptable and, with the present urgent need for 
increased agricultural production in the developing countries, there is 
not time for a leisurely approach to the problem of modifying the 
systems or finding new ones. 

‘In assessing new agricultural potentialities one is often concerned 
with introducing crops or animals which, on the basis of their per- 
formance elsewhere, might be considered suitable for the particular 
climatic pattern experienced in the area of development. However, even 
when introduction is successfully accomplished, it can be only the start 
of a detailed programme of research designed to interpret, and ulti- 
mately to predict, the effects on productivity of factors such as climate.’ 

The dependence of crop yield on climatic factors is extremely complex 
and still poorly understood(‘”). Many important tropical and sub- 
tropical crops exist in a wide variety of forms or cultivars which to- 
gether achieve optimal yield over a wide climatic spectrum. Generalized 
statements about the climatic requirements of any particular crop are of 
little valued*). Finally, one must consider the high degree of local 
climatic variability found within broader, geographical or ecological 
regions, especially within an area of such diverse topography as East 
Africa or Japan. 

‘The broad differences in climate delineate the main types of agricul- 
ture within Uganda. The cultivation of perennial crops is based mainly 
on those areas where rainfall is both adequate and reasonably well 
distributed throughout the year, i.e. in the southern part of the country 
around the shores of Lake Victoria, and the higher areas to the west and 
cast. Arable cultivation assumes its greatest importance in the season- 
ally-arid areas in the Eastern and Northern Regions, whilst the semi- 
arid or arid areas in Ankole and in the north and north-east are vir- 
tually restricted at present to livestock production. There are problems 
of acute seasonal deficiencies of both pasture and surface drinking water 
in the latter areas, where efforts are being made to find suitable cash 
crops to supplement incomes. Wthin these broad divisions there also 
exists a good deal of diversity.’(*®) Thus dairy development, which is 
dependent primarily upon high-protein fodder crops grown on culti- 
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fall IS adequate throughout the ye^ and the superior per 
and/or legumes could be j,„,t agncultural pro- 

There are vanous ways m which davlcngth, rainfall 

duction through factors such as soar •!, 'should be borne in 

evaporation and humidity, and . changing conditions, m 

mind that field crops experience constantly ^ ,,aiy 

which any particular factor hnuting P “ „ot be 

from minute to minute Furthermore, the same 
limiting in all similar parts of the plant at , moisture 

Thus, for example, plant water stress caused by be 

or by a high trLpirat.on rate, or by both of these coitions, may ^ 
the factor which most often hmits growth during a artai ^ . y 

change in mean night temperature, or an increase in the averag 
radiation, could still favourably affect production and yield of dry 
ter Thus, although there is no doubt that ramfaU is a P" ^ ,1,5 
detenmmng crop yields in the tropics, nevertheless , ,y,lh 

remaimng factors of the climatic complex also need *<> ’’f j „op 

care ’(“) In another discussion on the classification of response 
yield to water stress on the basis of physiological 
and Haganpi) ,5^, ,0 the problem of avoiding 
critical stages in plant ontogeny, and conversely, 

moderate water stress at certain times to improve yield and the emcie j 
of water usage 


Soils 

Soils are less rigid than some of the chmatic factors, since they can 
usually be readily adapted to crop needs by appropnate cultivation ana 
appheauon of fertilizers But within a climatic region, the produ^vity 
of crops and natural grassland may differ widely m relation to 
Soil fertility is not the only important factor, soil structure and dept 
may determine the quantity of moisture that can be stored Thus, so 
type may also have an influence on the length of the growing season, 
there may be a distinction here due to rainfall regime, smee workers m 
the Mediterranean (wmler rainfall) environment state that on deep ^ 
heavy soils the growing season may be longer than the rainy season.C”) 
whereas m the summer rainfall environment of Southern Rhodesia, a 
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light soil may have a 20 to 25 per cent longer growing season than a 
heavy soil.(^^ Loss of fertility and particularly trace elements through 
leaching may be a very important factor in humid tropical environ- 
ments. Grasses may grow on mineral-deficient soils and therefore have 
a masked deficiency which is revealed on feeding to cattle. The true 
deficiencies of a soil, particularly in trace elements, show up when an 
attempt is made to cultivate legumes, as the classic work in Southern 
Australia demonstrated. 

Water Use and Balance 

In the assessment of agricultural potentialities in relation to meteoro- 
logical data, or the prediction of farming possibilities from existing long- 
and short-term information about climate and weather, from the eco- 
logical and physiological viewpoint of an agronomist,(’*) ‘the great 
hope ... in tropical Africa lies in the development of the methods for 
the estimation of water use introduced by H. L. Penmanf**®, **') at 
Rothamsted’. He concluded theoretically, and then demonstrated prac- 
tically, that transpiration in a field crop is essentially a physical pheno- 
menon similar to evaporation and governed by energy income and air 
movement; that consequently, given a free supply of water, different 
farm crops will, over periods as long as a week or a fortm'ght, transpire 
similar amounts per unit of land area, provided they are level and cover 
the ground more or less completely, and that this rate is rather less than, 
but related to, the evaporation rate from an open water surface. He 
provided also a means of calculating evaporation rates from simple 
climatic data, in an equation which is reasonably sound theoretically, 
and sufficiently empirical to be applicable in practice. . . . The use of 
Penman’s methods, modified by current research, could lead to a map 
of much of tropical Africa indicating the regions which may be expected 
to experience favourable periods of different lengths in four years out 
of five; this would become a primary document in tropical agricultural 
meteorology. The paucity in some areas of even the simple meteoro- 
logical data required would often be offset by extrapolation over the 
large areas of fairly uniform conditions which do so much to simplify 
our comprehension of the tropical parts of Africa.’ 

With regard to the characteristic patterns of the soil moisture regimes 
of different climatic regions, Buntingf**) calculates water balance-sheets 
in Great Britain, and contrasts that situation with what ‘occurs in the 
seasonally arid tropics, where the profile within root range is dried out 
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to -wiltmg point at the end of the growing season Consequently the 
crop season may open with no more than a slender balance, and con- 
tinues as a tunning fight between evaporation and transpiration, m 
which ultimately evaporation gams the upper hand as the rams decline 
Under wild vegetation, particularly if it is perennial, the balanre is 
particularly cntical, since transpiration begins almost as soon as there 
IS any water to transpire, so that there is no time at the start of I e 
season to accumulate a credit balance of water m the profile, as can be 
done with annual crops Under open woodland with annual grass and 
herbs on the heavy clays at Tozi the seasonal penetration of moisture 
does not usually extend below 12 inches, whereas under annual cropping 
it usually reaches 4 feet, representing up to 10 inches of available water, 
all within root range Hence a region which is markedly and for peren- 
nial plants may be effectively humid for annual ones The distnbuUon of 
ram m the earlier part of the season is roost important for annual 
cropping scattered rams on bare soils may do no more than allow 
preapitatioa to keep pace with evaporation whereas the same total, m 
concentrated storms, may allow the accumulation of useful reserves 
before the crops are sown 

‘In the wetter tropical forest areas the profile is full throughout most 
of the year, but because the vegetation is evergreen and has to bear the 
load of evaporation for twelve months a year, a relatively slight decline 
m the monthly receipt of rain, or pronounced irrcgulanty m its dis- 
tribution, may quite easily lead to senous shortages of water This is 
cspcaally likely if the total rainfall is similar to or not much greater 
than the total evaporation for the year, which must be at least 60 inches 
in such areas in these arcumstances it is not surprising to find that 
many of the tree species of the evergreen forest have leathery, sclero- 
phyhous leaves and other alleged adaptations to dry conditions 
‘In the forest belt, or the wetter parts of the savannah region, the close 
balance betiscen precipitation and evaporation depends largely on the 
virtually continuous transpiration of the vegetation If the vegetation is 
removed, as in large scale clearing, water accumulates rapidly in the 
profile and both run off (which leads to severe erosion) and leaching 
ate greatly accelerated This will lead suddenly, m flat country, to 
flooding and swamp conditions in valleys and on the lower slopes of 
the higher ground, and may create a completely unchangeable hydro- 
graphic situation At the same time the leaching and erosion may 
severely damage the soil Consequently in wet country large scale clear- 
ing IS often dangerous For such areas a more gradual process of 
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replacement of uneconomic by economic plants will have to be de- 
veloped, presumably based in the earlier stages on selective thinning 
of the lower storeys of the vegetation and the establishment of shade- 
tolerant or shade-demanding perennial crops. So far as I know this 
problem has not hitherto been defined clearly, though it has certainly 
been encountered.^*) 

‘The quantities of water involved in the moisture balances will depend 
on soil texture and profile depth, but these factors will not greatly affect 
the general pattern, except that on sands, the efiiciency of water use 
seems to be higher than on clays. On the sands, losses by run-off are 
lower than on clays while the lower field capacity of the sands enables 
a given quantity of water to penetrate to a greater depth than on clays, 
and so protects more of it against surface evaporation. This was very 
clearly pointed out by the late Dr. John Smith (**') in his work on the 
distribution of tree species in the Sudan. He summarized his conclusions 
by saying that a tree species which requires 3x inches of rain on clay 
soils will require only 2x inches on the sands.’ 

Assessment of Water Resources 

The supply of water for crop growth is so important in eliminating a 
major factor in the natural environment for dairy development in most 
of the countries studied in this publication that it must be given top 
priority at the planning stage. Fodder produced on irrigated land and 
fed through good animals can compete in economic return with most 
food and cash crops, particularly if heavily manured and given ferti- 
lizers at a rate of 40 lb. nitrogen after every second cut of a tropical 
grass such as Guinea or the Napier/bajra hybrid in India(**®). Irrigation 
water reinforced with cowshed wash or diluted and sedimented sewage 
can produce fabulous yields of green feed in tropical conditions. 

It is essential to assess the water resources in the area around a pro- 
posed milk project, with respect to underground and surface water and 
the possibility of storing seasonal surpluses by the construction of com- 
munity or farm dams (see also Chapter IV). Large amounts of water 
are required by an efficient dairy industry, not only for the production 
of irrigated fodder crops and pastures, but also for stock-watering, the 
cleaning of utensils, the washing out of cowsheds and general farm pur- 
poses. The maximum utilization of water has to be considered in the 
design and layout of farm buildings, and particularly the cowsheds. 
These should be located on higher ground so that the cowshed wash may 
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flow by gravity to “ f 

meat for tho dairy industry m 7“* ^gated fodder 

m the project area Wben the total ““ jjaie between the 

crops has been worked out, it vnU ,l„n to assess the 

various types of flow and sprmWer g ’ ^ t are required 

amount of construction work and types f the ty^ a-d 

to utdize the water correctly Estimatesshouldhc^^^^^ 

output of pump sets, spraying equipment, etc ourposes other than 
population IS known, the water “lunement for purpose 
irrigation should be worked out per head of hvestock 


appendix to chapter 111 


by L P Smith 

IZTZbb of grass . calculated by the ^ 

due to Dr H L Penman, a parameter entitled ‘^“*’'“^1005 
can be derived, being the summation of the potential ih p 
over the penod when the sod moisture deficit over the zone o & 
roots IS less than 2 inches 

The way this is done is shown in the following example 


Rainfall 

Potential Transpiratios 
Sofl Moisture Dcfiat 


Apnl 

in. 

May 

m. 

}une 

ID 

July 

in 

Aug. 

in 

22 

25 

20 

28 

2-9 

2-05 

315 

3 55 

360 

305 

Nil 

065 

2+ 


2-9 

205 

3 15 

3 35 

28 


Total 15 9 

< inches 




Sept 


2-4 

165 


The sod moisture deficit is presumed to be ml at the end of M ♦ 
during April the rainfall exceeds the potential transpiraUon anQ lu 
deficit remains at nd The contnbution towards the effective transpi 
tion is the potential transpiration (2 05) During May the rainl 
less than the potential transpiration by 0 65 in and this ^ 

moisture is withdrawn from the sod, leaving a sod moisture 
this amount, the contnbution to the effective transpiration is again 
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Changes in Distribution of Milk Production 
This can be summanzed for the eleven regions of the Milk Marketing 
Board of En^and and Wales (Tabic 2) 


Table 2 


1946 I960 A%cra6C 

Area MUk Area Milk Effective 

MMB Region Million Percent Million Pcrctnl- i 960 Transpiration 

acres age acres age 



3-08 

8 87 

303 

9 50 

29 

31 

2 Northwest 

3-06 

24 80 

297 

21 70 

81 


3 East 

3 85 

6-03 

392 

515 

16 



211 

696 

2-09 

560 

33 



2 26 

8-95 

228 

9-90 

4^) 

4 3 

6 North Wales 

0 96 

4-03 

098 

4-46 

42 

45 

7 South Wales 

138 

5 59 

1-42 

7 26 

41 

5 1 

8 South 

166 

669 

167 

631 

4-0 

38 

9 Mid West 

Ul 

13 24 

187 

14-09 

73 

75 

10 Far West 

176 

6 21 

178 

8 45 

35 

47 

U South East 

239 

8 62 

239 

7 59 

36 

32 


15- 05 
15 65 

13 55 

14 10 

15 45 

16- 10 
1620 
14 40 
1555 
1640 
13 90 


The conelatioa between the average effective transpiration ^od^® 
milk ratio m 1946 was only 0 48 in 1946, but rose to 0 72 m 1960 This 
implies that if we accept the meteorological parameter as a valid para- 
meter for grass growth, this natural factor has played an increasing part 
in dcterminmg the preference shown by the farmer towards milk pro- 
duction as a method of farming As other cattle and sheep also consume 
grass, the 1960 correlation may be regarded as very high indeed 
The national regional distribution is thus confonmng with the 
climatic pattern and this is stnkio^y illustrated by the diagram (Fig 2) 
showing the changes m milk ratio for individual counties 

There were 27 counties m the high effective transpiration range 
(15 4-16 55), these have an average milk ratio of 5 6, and 18 of them 
have increased this ratio smee 1946 In the intermediate range (14 0- 
15 4), there were 16 counties, an average miUc ratio of 3 5, and only 4 
of them showing an increase In the lowest range (below 14 0) there 
were another 16 counties, an average milk ratio of 1 4, and all have 
shown decreases m the penod (*“) 

Distribution of Cattle 

A further verification of the validity of effective transpiration can be 
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found by consideration of the distribution of the cattle population of 
England and Wales. Unlike milk, which has shown a shift towards the 
mote prolific grass areas, the cattle distribution has shown remarkably 
little change over the period considered, despite a rise in total popula- 
tion. 

Figure 3 shows the cattle density in the Milk Marketing Board 
regions, giving a plot of cattle per 100 acres of farming land against 
effective transpiration for the year 1960. The interesting feature of this 
graph is the levelling out of population density at the higher levels, 
suggesting that in areas of high rainfall, restricting factors come into 
play. 

Soil Factor 

The limiting soil moisture deficit of 2 inches chosen in the definition 
of effective transpiration is likely to be affected by soil type. Better 
moisture-holding soils will enable grass to prolong full growth at larger 
deficits than thin soils. An improvement to the meteorological para- 
meter can therefore be effected if this limiting value is adjusted to soil 
type. This has been done by reference to a land classification map, using 
limits of 2-5 inches for the best quality grassland reducing to only 1 inch 
in the poorest type of soil. 

New areal averages can now be found by the use of such a map, 
which not only take this soil factor into account but also produce 
averages over regions which exclude the rough grazing areas where few 
cows are likely to be found. 

To check the usefulness of these improved figures, areas which were 
more climatologically homogeneous than the administrative areas of 
the Milk Marketing Board were used (Table 3). 

The correlations between the effective transpiration and the cattle, 
dairy cow and milk producer densities are 0-93, 0-88 and 0-97 respec- 
tively.* 

There is a long history of agriculture in England and Wales and the 
general standard of farming is high on a world scale. Therefore the 
distribution of grassland farming and the changes taking place therein, 
based on the individual decisions of over a quarter of a million farmers, 
can be taken as approximately correct and sound in principle. The 
meteorological parameter of effective transpiration fits the farming 

* L. P. SmiUi, ‘Effective Transpiration — a meteorological parameter for grassland’, 
Proc. First International Symposium art Ecosystems. UNESCO. Copenhagen, 1965 
(ta press). 
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It would bo tompung to f *^* * “^„ that boforo any mcteoro- 

ckowhcte.butitisoAlremdyimportanttostrc ,(s 

logical formula or method of ?! viidity agamst local 

arlofongiu. every offortmurtbomado^o^^^^^ 

dau of a rebable nature Without such chccKS, ca j 

misleadmg The fact that the parameter used here h^ 

to support It does, however, suggest that it is a promis b 
chmate analysis in agrochmatology 


Mean Area 

Effecuve of 
Aica Trans* farmland 
piratiOQ (I OOO) 
1945-64 acres ) 


North West 

15 28 

South Wales 

14*93 

South West 

14 87 

North Wales 

1478 

West Midlands 

13*96 

South 

13 76 

North East 

13 29 

South East 

13-06 

East Midlands 

13-05 

East 

12 80 


1782 

1622 

2579 

985 

5412 

2005 

3329 

1417 

4320 

2944 


Table 3 


CatUe Dairy 
per Cows per 
100 100 

acres acres 
1961 1963 


57 

43 

46 

49 

39 

37 

37 

30 

28 

18 


Milk Producers 

per 1000 acres 
1954 


Percent* 

a^ 

changes 


1964 producers 


221 
14 4 
168 
12-9 
121 
151 
7-9 
162 
64 
42 


162 

102 

10-0 

165 

5-9 

4-9 

56 

40 

36 

21 


77 
82 
76 
70 
43 
37 
37 
27 
23 
1 1 


24 

20 

24 

25 
28 

26 
34 
34 
36 
44 


52 




Fig. 2. Change in distribution of roiUc production in England and Wales, 
1946-60 (by counties). 
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Fio. 3. Density of cattle population in England and Wales in relation to 
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Chapter IV 


animal husbandry and 
environment 


The Range of Conditions 


)-p(he planning ot development in stock them- 

l not only upon the environmental reaction j ^od 

i selvesaVthepreseneeofamarketfor he product butau_^^ 
even more so upon the nature of the agroc ima e o„ regime 

which this governs the type of fodder production g S 

which may be adopted Insufficient attention nature 

obvious paraUehsm between the type of f wffieb may 

and especiaUy the nutritional or protein level of the ^^y of 

be produced in a given ecochmate, and the , p jjers m 

maintaining or improving the production of the f“^* husbandry 
relation to the return and profit from the form of 
that may be possible under these conditions At one extreme 
say, the sheep grazing industry of the and and semi ^ 

where sheep giving an annual gross return of Rs 40 (Indian p 
Is 6d) may be kept at the rate of one per 3 acres, Rs 13 per ^ 
annum is not an economic return that ^ves much room for ma ^ 
Even if under these difficult ecocUmatic conditions it were poss J 
grassland improvement to raise the return to Rs 50 per acre, t e e 
prise IS still of doubtful economic value At the other end of t e ® ’ 

we may have top level dairy farming in temperate agrocUmates, 
producUve animals capable of converting feeds and fodders effici y 
and economically into milk \ 

In a study of milk production m developmg countnes we must 
sanly consider bovines kept under a wide range of conditions o u 
bandry, as described in Chapter XI These conditions range ro 
permanent stall feeding with a uniform plane of nutntion and con ro^ 
of the environment, to free range grazing on semi and range with 
mum exposure to conditions and variations of the environment 
examples of the latter system, which seem hardly conduave to maximum 
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economic production of milk, may be quoted the dairy cattle around the 
Lake of Chapala in Mexico which spend half the year on the range 
pastures of the Sierra, and the butfaloes of the migrating cattle-owners, 
the Maldharis, in Saurashtra, Gujarat, India. 

Most milk enterprises in the tropics and subtropics are based upon 
bovine populations that are very low in productivity and are inefficient 
converters of feeds and fodders into milk. They cannot be regarded in 
any way as constituting an efficient dairy industry, nor as a permanent 
feature of the animal population around a milk factory. Even if it were 
possible by better feeding and management to increase their milk yield 
by three times, the total production would still be below the figure at 
which the cultivation and conservation of high-quality fodder crops 
become economic propositions. Those responsible for daily projects 
must decide whether they will continue to collect the minute quantities 
of milk produced per animal over an increasing radius to meet the 
demands of the milk factory, or whether they will by intensification of 
fodder production and livestock improvement create an efficient dairy 
industry giving an economic number of litres of milk per aimum from 
each unit area of land and each animal, within an easy radius of the 
milk factory or chilling centre. 

The emphasis should be on improved standards of nutrition and 
better methods of animal husbandry for the present or a better type of 
selected improved local breed, rather than on the more ambitious 
schemes of genetical improvement that have been attempted by cross- 
breeding programmes or the introduction and maintenance of exotic 
breeds. These schemes have been adopted frequently with inadequate 
attention to nutrition and management, and with no thought for the 
adaptability of the animals to environmental stresses, or for the future 
of the cross-breeding activities, particularly when the higher grades 
break down beyond the or Fg generation. 

Climate and Animal Nutrition 

Payne(“) has reviewed the literature on climate and animal nutrition 
in the tropics, with reference more particularly to Africa and Latin 
America. The major indirect effect of climate is on the quantity and 
quality of feed available for the animals. Quality depends mainly 
on the effective precipitation and humidity and in this respect the 
humid tropics and the arid tropics present two distinct nutritional 
problems. 
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In the hunud tropics, the qSy is^mudly below 

of green material may be obtame • m respect 

that of good herbage of ’a^tropical climate is to 

of dry matter As one of the direct ff ® “ ^her reduces the 
depress the appetite, a low dry foj maintenance and 

ability of the animal to obtain enou^ dmr<^Ule'"idad during 


fibre content o. — — --r- 

higher than that of temperate f ““T/rfiTdmg ddhculty m 

an addiUonal disadvantage to ammals that ate linoing 

eating sufficient bulk of watery forage ,n the amount and 

Inthe and tropics there are wide annual v“™bons n the amo 
distribution of ram, which arc reflected in penods ' P . ^owth, 

separatedhylongdormant intervals °/flX„ns and 

grLses mature quickly and rapidly reach the “ntially 

Lding Stock have to graze for most of the year wha 
standing hay of very low nutntive value As "iry “1 ^ ^ 

high, however, grazing ammals can obtain sufficient 

adequate amount of forage IS available 

greater part of the year and condiUons stimulate --Ifree 

crude fodder content is hi^ and the digestibihty of the m S 
extractives is reduced Crude protein content of and 
low, being for much of the year around 2 to 4 per cent of the 
matter, although certain species hold their protein content e 
others 


Heat Tolerance and Increment 

Heat tolerance and loss in animals are closely related to productivity 
m hot environments Hot weather affects dairy cattle by making it mo 
difficult for them to lose heat from Iheir bodies At air tempera 
below 26 5®C , heat can be lost readily by normal processes As air tem^ 
peiatures nse above 26 S^C , heat loss by these processes becomes in 
adequate and more heat has to be ebmmated by a greater evaporation 
from the lungs involving increased respiratory rates When the tempera 
ture of the air reaches or exceeds the body temperature and radiation 
still acts, all heat must be lost by evaporation It is at these high air 
temperatures that humidity becomes important, because, as the water 
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vapour content of the air rises, its capacity to absorb water from the 
animal’s body fallsf®’). As air temperatures rise in the humid tropics, 
for instance, and the problem of heat disposal becomes more urgent, 
appetite is often reduced in order to reduce the ‘heat increment’ arising 
from digestion. 

Because ruminant animals depend for their utilization of fibrous 
feeds on the intermediary activity of rumenal bacteria, there is a con- 
siderable development of heat, the ‘heat increment’, following the in- 
gestion of feeds. This heat increment is proportionally higher for pro- 
tein-rich as well as high-fibre rations; it imposes an additional heat 
load on the animal which, in hot environments, must be eliminated. 
The animal, in fact, has then to balance its nutrient needs against its 
ability to eliminate the then largely unusable heat generated in rumenal 
digestion, so as to maintain its body temperature within the physio- 
logically tolerated range. It also shows a greater need for water for the 
regulation of temperature and for milk production(““). The ration must 
therefore be sufficiently concentrated to avoid unnecessary loads of 
fibre and be readily digestible ; as is common in all tropical areas, intakes 
are reduced to permit a thermal balance to be achieved. This reduction 
inevitably reduces the nutrient level for milk production because the 
animal’s maintenance needs have first to be met before milk production 
is possible on a permanent basis. Because of this heat embarrassment, 
considerable care needs to be devoted to the nutrition and management 
of dairy animals in hot environments. This has led to revision of hous- 
ing systems, the use of fans and sprays in the buildings, and to an 
emphasis on the importance of night grazing.!*”, It has been shown 
in studies in Fiji, Queensland, Louisiana and Trinidad that European- 
type cattle kept in the humid tropics and allowed free choice will increase 
the duration of their night grazing at the expense of daylight grazing. 
This change in behaviour helps them to reduce their total heat load. 
Temperate-type cattle that have not been acclimatized drool saliva and 
mucus and others may lose up to 50 to 80 grm. of minerals per day. The 
problem of heat dissipation has been exanuned by Blaxter in The Energy 
Metabolism of Ruminants.lf) 

Shacklady!**®) would not wholly agree with the generalization that 
this heat increment is proportionately higher for protein-rich rations. 

In cases of sub-optimal or marginal protein intakes associated with a 
high proportion of roughage of low digestibility, one finds that the 
general efficiency of utilization of the ration would be increased by 
some protein supplementation,!*®) see also !*®). The net effect of in- 
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creasing the coneentraUon of available nutrients is likely at least to 

compensate for the heat racrement redueed to permit a 

One may also question whether food in There is a 

thermal bLnee ta be aehieved or for another ( 'J^t the 

good deal of evidence, much of it from Cramps m &nada, n 
voluntary intake of roughages by eows is related 
d°gesuUy (see also (•) ). Could this be a faetor 
pi^ for lower food intakes m tropical areas where the digesUPm y 
L roughages tends also to be extremely low? “ consequent 

refrain from improving the quality of the rauon w>‘ “j ’^^^5 
beneht in milk production through a fear of inetcasing 
Rather one migjit take the view expressed elsewhere of in S 
concentration of the raUons to provide the maximum practical uti^u 
nutnent intake to compensate for reduced total intake In gen » 
cannot escape the conclusion that there is perhaps a grea c p > 
logical lustification for the feeding of concentrates m the tropi 
m the temperate zones Yet dairy cattle feeding in the tempera ® 

IS geared to the use of rations of high digestibility whereas in the p 
It IS related to a system which aggravates heat stress without being p 
ticularly productive 


Water Requirements of Bovincs 

Water is of great importance m the and tropics, both for plant 
growth and for the survival of ammals, but the effects of 
water on ammal productivity have not been extensively studied ( » / 

Under normal circumstances heat stress increases the demand for water 
but as the dry season advances the demand increases still further 
Restnctive watenng reduces the total water intake and apparently also 
reduces the feed mtake at the same time It may also improve digesti- 
biUty and have other profound physiological effects The decreasing 
water content of the available forage increases the demand for water at 
a time when surface water resources are diminishing and the animal 
has to walk further to obtain both feed and water Additional walking 
raises the demand for feed and water as mereased muscular activity 
requues additional feed and generates extra heat that has to be dissi- 
pated, further depleting the animals’ water resources At the same tune, 
ambient day temperatures nsc dunng the dry season, with consequent 
further mcrease m the water requirements of the animals All these factors 
combine to subject cattle to very considerable physiological stress 
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The immediate reaction of cattle to heat stress is to limit feed and 
increase water intake.(”^) This partially explains why the intake of feed 
by cattle of temperate and tropical types in the tropics is often low by 
the expected standards of the temperate zones. There are very wide 
variations within species in the quantity of water used and in the fre- 
quency of drinking. Pagot and Delaine (“^) have studied the water 
requirement of Bos indicus (Zebu) and Bos taurus cattle (with liveweights 
varying between 246 and 297 kg., and 234 and 250 kg., respectively) 
maintained under range conditions in the Sudanese zone of Africa south 
of the Sahara. During the rainy season B. indicus and B, taurus drink an 
average of 12-06 and 9-18 litres daily respectively; during the dry 
season, 21-71 and 19-74 litres; during the transitional season the figures 
are 24-60 and 21-37, respectively. The moisture content of the forage 
greatly influences the quantity of water consumed. In both species, 
water requirements are determined mainly by relative humidity, and 
when air temperatures approach body temperature, the effect of relative 
humidity is much greater in B. indicus than in B. taurus. The latter can 
therefore tolerate higher relative humidity. This is borne out by the 
fact that B. taurus is the main species in the Guinean zone, which is 
humid eight months out of twelve, while Zebus are used especially in 
the Sahelo-Sudanese zone with its nine months of drought. French(®®) 
states that in East Africa B. indicus cattle require less water than 
B. taurus breeds when managed in the same environment. In Japan, the 
water allocation in litres per day for different types of livestock is: dairy 
cattle 18 to 63, draught and beef cattle 18 to 45, horses 18 to 54, and 
sheep 0-9 to 2-7. 


Animal Breeding 

It is not intended to discuss here the relative merits of difierent 
methods of genetical improvement, or of indigenous and exotic breeds, 
or of dual-purpose versus specialized dairy animals, or of the supposed 
su^riority of the buffalo over the cow in the conversion of fibrous 
^ s. A contrast should be made between the existing situation of in- 
a equate nutrition to meet the production potential and the hopeless- 
ness of trying genetic improvement in such circumstances, and the 
improved situation when a case can be made for raising the genetic 
potential once the level of nutrition and management permits this. But 
geneucal improvement there must be, since no degree of improvement 
m feeding or management can raise the level of milk production above 
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the geneuc potential of the ammU with con- 

examples of badly bred animals being jf It IS found that animals 

centrales m a vain attempt to produce nulk enlightened 

fail to respond fairly rapidly to better “"^opSiUons 

, sheer waste of resources to continue op 

best 


management, it is a £ 

breeders have not yet deaded on ‘*‘= ‘yP® “o 


with aU but a few breeds within this .w fodL pro- 

Tharparkar) to obtain a herd average high enough to ma p p^nu 
duction and the purchase of coneentrates economic juions, 

types lack adaptabihly to heat, particularly under crossbreds 

and resistance to the bovine diseases of the tropics Th , 
between Zebu and European types combme the qualities P bevond 

resistance to disease, and high yield, but these are of lesser 
the Fj, generations, when back-crossing to one or the other p 
becomes necessary More complex programmes of j.j.g 

three or more breeds have been introduced to give a new, true- 
high-yielding cow in the F« or F, generations The buffalo a so 
place where high-fat imlk is required or where ample ®^PP^® avg 
ported skim milk are available for dilution or ‘tomng , or w 
banmng of cow slaughter makes the Zebu ammal unatlrac 
farmers because of the permanent encumbrance of the useless 
produced from improved dairy-type females m which the „ 

characters have been reduced by selection for higher milk produc 
Lord Linlithgow’s Royal Commission on Agriculture in to 

warned against this as long ago as 1928, stating that *in attemptmg 
secure some milk from the fine types of draught animals still to be femn 
m many parts of India, there is a real danger that the qualities that hav 
in the past recommended them to the cultivator will be lost’ 

The results of a 30 int project between Government of 
United Nations Development Programme (Special Fund), with FA 
as the Executing Agency, will be awaited with interest The scheme wm 
be in operation for an imiial period of five years (1966-71) and wiU d® 
located at the Central Livestock Research-cum-Breedmg Station a 
Hannghata, West Bengal A foundation herd, constantly maintained at 
about 1,500, of the highest yielding and best producing indigenous cows 
will be selected These animals will be inseminated with imported 
frozen semen from Brown-Swiss, Holstein or Jersey sires The 
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of these cows will be selected for adaptability, productivity and fertility. 
The selected cows will then be bred to selected bulls in a carefully 
planned breeding programme. Records of milk production, growth and 
health will be kept to determine the grade or combination that is best 
adapted to local conditions. 
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Chapter V 

ROLE OF NATURAL GRASSLANDS 


I n ths world agncullurrd literature, the terras ‘pasture’ and ‘grassland 
have acquired a somewhat exaggerated aura of sanctity* following 
the work of Sir George Stapledon and his associates m Great Bntain, 
of Sir Bruce Levy and his fellow workers m New Zealand, and the 
other pioneers m many parts of the world m the field of grassland man- 
agement and improvemenL ‘Experts* coming from those backgrounds 
are expected to be able to perform miracles with some new wonder 
plant or system of management in the most inhospitable of environ- 
ments 

It IS well to understand clearly that there is a great difference between 
the temperate world in which they worked, and the tropical world with 
which we are pnmanly concerned The improved pastures that may 
be produced m temperate or sub-temperate latitudes, centred around 
the key plants, white clover or subterranean clover (Tn/ohum repens, 
T subterraneuni), will provide a maximum amount of feed for grazing 
or cutting of relatively high protein content suitable for a considerable 
part of the ration of the dairy cow On Uic other hand, the crude protein 
content of natural pastures m the tropics tends to be relatively low, and 
the crude fibre content rather high, perhaps because of climatic effects, 
or of soil fcrtihty, or because of the physiological characlensUcs of the 
grass species that grow naturally or may be cultivated Cenchrus ciluiris 
and C)7wdon dactylon have the capacity to retain a relatively high pro- 
tern content longer into the dry season than iheir related species m the 
tropics In Chapter VIH arc quoted East Afncan results which show that 
milk production and normal growth through a wide range of Uveweight 
diangcs, are limited cither by crude protein, if this is lower than about 
1 1 to 14 per cent, or by total digesuble nutrients if the crude protem is 
much hi^cr than this Smee few if any natural grass stands m the 
tropics have anythmg approachmg a constant crude protem content 
around 12 per cent, the Imutanons of tropical grasslands and the need 
for high protein culUvated fodder gras s es and legumes become obvious 
On the other hand, the crude protem content of a planted pasture grass 
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like Pangola (Digilaria decumbens) in Trinidad may be adequate during 
the wet season for maintenance and the production of at least 7 litres 
of milk per day.(“) 

The natural grasslands of the tropics (or ‘grass covers’, since the term 
‘grassland’ is used for one of the physiognomic types of vegetation) in- 
clude many and varied types of savannah, scrub and other non-forest 
vegetation, and the grass covers associated with open types of forest. 
The grass covers of Africa have been described and mapped by Rat- 
tray(“i), a book on the grass covers of India is in preparation by Whyte, 
Dabadghao and Shankarnarayan,('“) and FAO is engaged on the com- 
pilation of a map of the grass covers of Latin America. The vast grass- 
land areas are frequently stated to represent a great potential, but 
undeveloped resource for increased production of a wide range of live- 
stock products.p'*' “*) Although opinions may differ widely, it is prob- 
ably true that this assumption is not realistic for the great majority of 
tropical and subtropical grasslands, at least as far as economic and in- 
tensive dairy production is concerned.^'®) Certain types of tropical 
grass associations are of value for beef cattle production on the ranching 
system, others in the arid and semi-arid zones for sheep and goat 
grazing. In general, however, the higher forms of animal production, 
such as dairy husbandry, can only be maintained after ploughing of 
the original stand, and its replacement by newly sown or planted 
species. 

The question may be considered in two contrasting geographical 
respects : the residual grassland areas within easy reach of villages or 
other centres of milk production, and the large expanses of tropical 
grassland generally located in remote and undeveloped areas. The 
residual grassland areas, the unimproved village pastures and other 
types of wasteland in or near areas of human population will continue 
to provide nutriment of very limited quantity and quality for the low- 
producing animals that at present supply many milk factories. But the 
better his dairy animals, the less does the tropical and subtropical 
fanner rely on natural grazing land to provide anything other than an 
exercise ground. 

On the other hand, the great expanses of natural grassland, sub- 
climaxes in forest climaxes due to tire or other factors, tend frequently 
to be a snare and a delusion. The species in them are of a poor type 
which may achieve a digestible crude protein content of no more than 
10 per cent for a very short period in their annual growth cycle, and 
which rapidly becomes hbrous in the dry seasons. These grasslands are 
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frequently associated with mineral-deficient soil, M 
savannahs of BnUsh Guiana and other p:^ of 1^““ ^ dairying 
highly acid soiU as over much of Brazil To “‘"'f 
would involve a major job of land reclamation «>'■ 
be better directed towards some form of integrated land 
farming as an important part of the overall agricultural p 
But this IS not to say that natural grasslands are of no P 

of a dynamic form of dairy dcvclopmcnL It is ncccssa^^ y 

natural grazing lands within a milk procurement mea, on the fring ^ 
that area, and m more remote districts, to assess their pre . jg 
and ecological status, to dehne the degree of dctcnoralioa or othcrwi . 
and to advise upon appropriate methods of with 

improvement assisted perhaps by cheap methods of surface S 

superior speaes In tropical and subtropical latitudes where soi 
is such a problem, the role of all plant covers, whether na u 
artifiaal, m conserving sod, helping to control the hydrologic cycle, a 
m reducing desiccation, must be borne in mind in designing sys e 
controlled or free-range grazing on natural grasslands 
But above all, it is necessary to analyse the herbage from nai 
grasslands for its content of nutrients month by month throughou 
year, so that an intelligent programme of animal husbandry and nu 

tion may be evolved Inconsidcnoglhcpolcntiahtiesofnaturaltropi 

grasslands, one must also remember that cattle can harvest a ic 
superior m quahty to that of the forage as a whole with which they are 
presented, selecting more protem and less fibre (’*) Thus milk produc- 
tion from a low-quality pasture may be possible if the area available or 
grazing is sufficiently large to give the cattle scope for their selective 
gr ayin g A related aspect studicdf*’) was whether cattle were able to 
reduce nitrogen output m the unne when depnved of water and fed on 
forage of low mtrogen content The behaviour of Bos taurus and 
B indicus was compared 

It IS difficult to visualize that the natural sub-chmax grasslands of 
India, Indonesia, the Philippines or New Gumea, for example, could 
provide an adequate fodder basis for an efficient dairy industry But 
they may m some cases represent a second hne of defence in a system 
of management based upon high-quaUty fodder and concentrates, 
namely, cut green fodder for a brief penod of the year, a low-protem 
hay which is at least a belter roughage than paddy straw, and the possi- 
bility of establishmg dry-stock grazmg farms so that the dry and grow- 
mg animals may be removed from the milk procurement area, to reduce 
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the pressure on the limited resources of feeds and fodders in that area. 
The situation may be more promising in those parts of Latin America 
where the poor indigenous grasses have been suppressed and replaced 
by superior African species, Brachiaria mutica, Panicwn maximum, 
Pemisetum purpureum and others. 

That more may be expected from natural grassland, at least of the 
type of Hyparrhenia veld in Zambia (former Northern Rhodesia), has 
been demonstrated.(*“) Growth here is dependent upon the seasonal 
rains; there is a rapid flush about November, but by the end of the rainy 
season in March the herbage has become tall, stemmy and of low 
quality. Milk producers usually feed concentrates throughout the 
natural grazing period from November to March. In an experiment, 
SIX Jersey cows were maintained on grassland of the following percent- 
age composition: Hyparrhenia spp. (mostly H. dissolutd) 42, Brachiaria 
brizantha 20, Setaria sphacelata 20, Heteropogon contortus 13, others 5. 
The following treatments were compared; 

(1) Intensive grazing: a relatively small area of veld was maintained 
in a young, leafy, nutritious state by application of nitrogen and 
frequent topping with the mower; 

(2) Extensive grazing: cows allowed a large area in which to graze so 
that by selective grazing they could harvest as adequate a diet as 
possible (hopefully without cliiniiialing desirable species); 

(3) Supplementary feeding: cows given concentrates to supplement 
their normal free grazing (2 kg. meal supplement per 5 kg. milk 
produced— two parts crushed maize to one part of a proprietary 
high-protein concentrate — 16 per cent crude protein and 74 per 
cent total digestible nutrients — fed twice daily during milking). 

It was concluded that milk yields of the order obtained can bo main- 
tained independent of the feeding of supplementary concentrates, if the 
nutritional value of the natural herbage is improved by topping and 
the application of nitrogenous fertilizers. The fairiy higli rate of stocking 
associated with this management will result in higher production of milk 
per unit area. The alternative system of grazing at a relatively low in- 
tensity results in only a slight reduction in milk yields. Tins is probably 
better suited to the less developed agricultural techniques of African 
farmers. In either case, dairying on natural pastures is possible only 
during the four rainy months when grass grows actively. 

It is therefore necessary to know more about the milk-producing 
potentialities of the grasslands of the tropical and subtropical world, 
and what can be achieved with slight adjustments in management. 
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Some grasslands will be of value for the more 

farming. Others will be more suilablcforthc second ^ animals, the 

systems of dairy farming, such as the ° ^ and the 

rearing of young stock, perhaps the fattening of male progeny, 
harvesting of low-protein hay. 
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Chapter VI 


THE FODDER BASIS OF 
MILK PRODUCTION 


The Ideal Objective 

A nimal husbandry for the production of milk from bovines is, or may 
Za be made a most intensive form of animal production, involving 
X JLan efficiency in the conversion of high-quality nutrients almost 
comparable with that achieved with pigs and poultry. Dairy develop- 
ment therefore makes great demands upon the fodder agronomist and 
the plant breeder, who are called upon to provide the very best in edible 
and nutritive plant material, and to advise upon methods of utilization, 
supported by manures, fertilizers and water, that will create a basis for 
the economic production of milk from high-yielding animals. 

This, however, is an ideal objective which is far above the present 
standards of average management and feeding in tropical regions. The 
milk that is to be produced in most of the projects in the Country 
Studies discussed here is expected to come, at least during the early 
stages, from cattle that are free-range grazers on low-quality natural 
vegetation or scavengers of stubbles and crop residues of varying 
quality, good, bad and indifferent. When a new market for increased 
supplies of milk becomes operative, the farmer has first a tendency to 
buy more concentrates and oil-seeds. It is then that the extension 
worker and fodder agronomist have to step in and try to find out how 
and to what extent it is possible to provide cultivated fodders in the 
green or conserved form, or grazing on improved pastures of adequate 
yield and quality. 

The types of plant materials that may be provided as animal feed, and 
hence the nature and degree of intensity of the form of animal hus- 
bandry, may be considered on the basis of agroclimatic gradients, par- 
ticularly in tropical latitudes, of the water balance as expressed in the 
relation between rainfall, evapotranspiration and soil type. When water 
is available for irrigation, it becomes possible, of course, to overcome 
the limitations of insufficient humidity in particular seasons or years. 
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■me crops that may then be grown are more 2““ 

and may he chosen for the purpose for which they ar q 


Cultivars and Seeds 


s and culti* 


Thisisnoplaceforatreatiseontte^^^^ 


vars to the range of ecological ““ditions covered in t^P“ 

he studied on Its merits What wiU be found remm 


however, is the 


smaU number of ^“bage and 


available to choose from for these vaned ““dibons How m^y^^^ 
hundreds of grass genera have any potcnUal as culuv . 

even as useful components m troplMl natur 


pasture crops or even as useim coiupooe„u. 

lands? Plant exploration and “““ducuon for the d'® ^ ^5 


types of economic value must continue,f“ ) but the p ^ 

may be expected to derive from the work of the plant re 

the fodder grasses and legumes of the tropical and subtropi , -gj 
merely the result of multiplication and simple selection o 
and crop improvement for better growth habit, season of gto 
maturity, adaptability to adverse environments and resistance t p 


and diseases IS essential _ , 

It must be assumed that trials have been or will be made t 
most suitable fodder crops to grow, to ^ve the highest return o 
products per umt area The dairy agronomist can then carry 
effective programme of fodder and pasture development only 
work IS supported by an ample supply of seeds and planting ma n 
of the species that are to be recommended In most of the countries 
which our speamen projects are located, the production and ^ 
lion of improved seeds of all crops have not been developed to 
required standards, and it must be accepted that herbage and fo ® 
plants will be among the last to receive attention Fodder developmen 
m dairy projects is therefore exposed to wide fluctuations m the av 
abiUty and price of seed on the general market, if the present hapbazar 
systems of sale and distribution may be flattered by this name 

When the required acreage of sown fodder crops and pastures is 
known, the annual requirements of seeds of the aimual and perennial 
crops that arc reproduced by seed can be calculated as well as the num- 
ber of slips or cuttings of the tropical fodder grasses which are repro- 
duced vcgctalivcly Steps may then be taken to ensure that these seeds 
and planting materials arc available from a reliable source year after 
year at a reasonable pnee When the cUmatic conditions within or 
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adjacent to the project area are suitable for the production of seed of 
some of the crops required, arrangements may be made with the agri- 
cultural authorities for the inclusion of these crops in the production 
programme of established seed farms. The organization and promotion 
of local seed production may create not only a reliable degree of self- 
sufficiency within the dairy project, but may also reduce the need to 
import seed and to use foreign exchange, or to depend on unreliable 
sources within the same country. Seeds of certain crops, for example 
lucerne and multi-cut berseem, are harvested from one cut in a series 
of cuts taken for fodder. These seeds would, therefore, be produced to 
some extent on farmers’ fields, in which case instruction in agronomic 
and harvesting methods have to be provided, and some type of co- 
operative system of distribution evolved. 

Having decided what crops are likely to be adapted to a particular 
procurement area, we then have to consider their place in the present 
or revised farming and cropping systems, and how they may be fitted 
into crop rotations to the benefit of the farmer and his cattle. When this 
pattern has been worked out between the farmer and the fodder agro- 
nomist to their mutual satisfaction, they consult the animal nutrition 
specialist and jointly evolve a pasture and fodder calendar. This will 
represent an optimal synthesis between animal requirement and poten- 
tial availability of green or conserved fodder month by month through- 
out the year. 


Grazing versus Cut-and-Carry 

This introduces the perennial discussion of the relative merits of the 
grazing system versus the cut-and-carry system, of taking the animals to 
the pasture versus cutting and carrying the feed to them in the stalls or 
feeding yards. The arguments gener^ly produced relate to the extra 
costs and labour involved in cutting the feed and carrying it to the ani- 
mals, and to the fact that this system breaks the fertility cycle — the 
movement of plant nutrients from the soil to the plant, to the grazing 
animal and back to the soil in the form of dung and urine. The first 
phase of pasture management in Great Britain was based on the belief 
that, if land were heavily stocked with dairy cows and a great deal of 
dung and urine was being returned to the soil, all would be well. This 
did not take accormt of the considerable amounts of plant nutrients 
being removed from the cycle in the form of milk. A second phase has 
now been reached where it is found that, after some years of high ferti- 
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ter EppUraUon, high production and Mgh rate and 

urine from the grazing cattle to the land, the ^ „auo- 

potash requued annuaUy to maintain '"''f Javioudy been 

Uon that has been reached is very much less Jphos- 

thou^t— on one particular farm m southern Englan the 

phate and 35 Jis of potash per hectare per year 
balance, m combinaUon with very large amount ^ /‘“S 
Qmte a long penod of build up of fertihty is needed before this 

tion IS reached , . ^„chttp<i and 

The posiUon with regard to the tropical and subtropical pas 
to imgated pastures m those regions requires much inore stuoy 
conclusions may be drawn The grazmg of highly bred, highly P 
tive dairy cows in the tropics or in the hot summers of the su ^ . 
raises a number of problems relatmg to beat load Under ^ 

Hons with a long growmg season, extended if necessary by 
imgaUon with clean water, cowshed wash or sewage, very hi^ 
of palatable tropical grass may be obtamed Two factors then anw 
(fl) There is on average temperate pastures a loss of 40 ^ 

the herbage due to trampbng and urme poisonmg, on tall, ^ 
yielding tropical pastures this percentage may even be mgh * 
when grazed, and the loss of preaous feed represented by 
percentage may be too great to contemplate, and 
(6) There must be a threshold value for yield above which too muc 
of the herbage is rendered unpalatable through the droppmg o 
very large amounts of dung and urme by grazing animals 
Thus, the higher the yield from a tropical grass crop, the less can one 
justify grazing it- Some specialists say that when labour is still availab e 
and cheap it is preferable to adopt the cut and-carry system or zero 
grazing and oblam 100 per cent of the yield, provided arrangements axe 
made for full return of ammai fcrtiUly back from the cowsheds to the 
land It would be argued that the 40 per cent loss due to grazing and 
tramphng is worth more than the costs mvolved m the cut and-carry 
system. Olhers would say that the more expensive the labour, the more 
economic will the cut and-carty system be compared with grazing, as it 
can be highly mechanized, can assure the effective utilization of all the 
fodder prodiwcd on mlensisely culuvated land, and will make it possible 
to obtain a hi^cr return per labour hour tiian m any other sjstem- 
Wc may quote here an extract from a glimpse into the future of farm- 
mg techniques m Great Dntain ‘In future, to mmirruTf- management and 
food energy losses all productive stock will probably be kept mdoors 
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(Breeding stocks may still be reared on the hills in the north and west 
to ensure health and hardiness.) The temperature and ventilation in 
buildings will be completely controlled. Minimum cost stock feed 
rations will be programmed by computer day by day and automatically 
conveyed to livestock to ensure maximum growth rates for each age 
group. 

‘Pastures free from grazing damage will be much more productive. 
Continuous control of soil chemical balance will ensure optimum herb- 
age production. This herbage will be mechanically harvested and either 
fed fresh or stored in a state of fermentation. Grass and conserved 
forage will continue to compete with cereal grains for stock food on an 
economic basis. Field drainage by underground plastic pipes will 
deposit water in farm reservoirs to be mixed with farmyard manure. 
This slurry mixture will be pumped back to the fields in summer to 
maintain optimum plant growth.’(“) 

Protagonists of the grazing system may consider that the choice is 
more a question of density of human population. What may be true 
with regard to the cut-and-carry system for densely populated areas and 
farms of small average size may not apply to the many parts of the 
humid tropics with relatively low density of population. Here it is still 
a matter of choice between cultivated fodder crops, well-managed per- 
manent or semi-permanent pasture, and natural grassland. It may be 
more economic to depend upon improved tropical pastures than on 
cultivated fodder crops. The foothills between the lowlands and the rain 
forest are looked upon as the correct place for the development of 
animal husbandry, rather than the cultivated areas at the lower eleva- 
tions. 


Growth Form of Species 

The growth form of the grasses has also to be considered. Pangola 
grass {Digitaria decumbens), Rhodes grass (Chloris gayand) and molasses 
grass (Melinis minutifiord) are better suited for grazing (and perhaps 
combining with a legume) than a bunch grass like Panicum maximum or 
Pcnnisctum purpureum and its hybrids with P. typhoides. Further, it is 
primarily because of the growth habit and rank growth of tropicai 
grasses that it has not yet been possible to evolve satisfactory legume/ 
grass mixed stands on the pattern of temperate pastures. 

There is perhaps too great an emphasis on the need to achieve such 
mixtures of legumes (species of Glycine, Cenirosema, Desmodium, 
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Siratto or Stylosanlhes) witF grasses ”l'^jQ^l‘^p^ntial yieU 

therefore necessarily lower m growth habit | saidmm) 

There maybe good reasontoeombmeS^tonlto^ 
with the existing Heleropogan conlorlus on beef ^ 

Queensland, r “) or Stylosanlhes graciUs with Chh gj 
Uganda, c»‘) or an improved pasture of f iu bush 

Centrosemapubescem in a mixed farming >? P “ juje 

faUow m southern Nigena,0 where m the humid “ p„. 

IS adequate for pasture growth for eight to nine J ^jtl^ 

sumably these pastures are for the use of beef cattle or 
of low to medium productivity Mixtures with Famcum 
Brachana mutica are surely less valuable With Para 8'“ , 

Bengal, it is advantageous to disc the grass stand at the end o gr 
mg season, and to sow berseem (Tri/b/i«m alexandrmum) 
annual, the Para comes up agam refreshed at the beginning o 
seasoo. Alternatively, one may grow non compatible gras 
legumes m adjacent plots, each with their own type of managemen 


Economy m Conceatrates 

Directly related to this arument and fundamental to the planing 
the feed and fodder basis is the need to arrange for a maximum 
dence upon green fodder fed m the fresh or conserved condition ^ 
mimmum reliance on purchased concentrate feeds We may refer to ® 
fact that, in Zebu cattle at Bangalore, all the maintenance and the pro 
duction of the first 4 5 kg of milk may be met by feeding Para grass 
and other items in the absence of concentrates In other countnes 
the figures for production from grass/clover pastures of much higne 
protein content are also higher (Great Britain, New Zealand, Japan; 
At the National Dairy Research Institute at Kamal, Punjab, growmg 
dairy ammab of 160 kg body weight may be fed entirely on lucerne 
hay (with salt) costing Rs 1 50 per maund (37 kg ) or Rs 0 20 per day 
per animal Larger animals weighing 180 to 200 kg , and growing at 
the rale of 1 4 kg per week, are fed per day only 3 6 kg straw (Rs 3 50 
to 4*00 per maund) and 8 kg berseem (Rs 0 01 per kg cost of produc- 
tion), m the absence of the berseem it would be necessary to purchase 
and f^ced 0 7 kg groundnut cake per day The potential production of 
milk per day from good European cows on good pasture in Great 
Britain, the Umicd Slates of Amenca and Kenya has been noted (’’) 
Much more cxpcnmcnlation is needed on this question under tropical 
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a problem ™th dense stocking nnd 

lower levels ofN Excess ofsvinter r.ence so for. 

The very high levels of nitrogen do ^^"®,„faiAn the wetter 

to be more appropriate to the areas of „ to be nearer 300 

areas of the eonntry. the most economic levels appear to 

than 450 units ^ ^ i.,., cml must be promoted 

Every possible method of providing fertili y t farmers 

to ensure high yields of fodder It may be ^ ^h'^ 

in tropical countries to apply fertilizers to their practice demon- 

should, however, have the merits and on of 40 kg 

strated to them, at Poona, Maharashtra, “PP (Penniselim put- 

nitrogen per hectare to the Napier/fingcr millet hy ( ^gnomic 

puream x P typhcdes) after every two cuts is found to b^c^ 

Anyone designing a dairy farm or milk colony s ou 

cowsheds are on the higher ground so that the ^ 

gravity to fields of Para {Brachtaria mulica) or other tropical g 

able of responding to high levels of fertility i.i, developing 

With the nsing standards of living and public health 
countries, the installation of sewage systems will make a 
quanUties of this valuable commodity The City of Maora , 
sDll inadequate system, produces 136,000 000 litres per oay 
only 23 million on a grass sewage farm, the rest going ou -p^e- 
tropical countnes with a year-round growing season (pro^ e P 
mentary imgation is available for the dry months), very mg y^ 
green fodder (up to 300 000 kg green per hectare) of great va 
dairy animals can be produced with sewage imgation For the sa 
argument it would be desirable to express litres of sewage in te 
litres of milk that may be produced from feeding sewage irrigate gr 
to dairy animals Any type of waste land may be used for the purp » 
even coastal sand, as at Trivandrum, Kerala 
The authorities concerned with pubhc health engineering an wi 
dau 7 development should collaborate to ensure the maximum 
tion of sewage, by dcsigmng the sewage farm correctly, with oxioa i 
facilities and sedimentation tanks sufficient fresh water for dilution 
the desired concentration, good underground drainage, and allowanw 
for disposal or re use of the final effluent The choice of grass 
important, because in due course the level of the beds rises above tba 
of the inlet channels through the constant deposition of sohds A bunc 
grass like Panicum maximum is probably better than a spreading grass 
bke Brachiaria mutica because it is possible to clean between the plants 
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and maintain a standard ground level. With Para grass, it is necessary 
to plough up at intervals, remove the topsoil and plant again at the 
correct level. 

The problem of soil fertility should be considered from the opposite 
angle also, namely, whether the cultivation of the gramineous and/or 
leguminous pasture and fodder crops for economic dairy farming has a 
cumulative effect after a number of rotation cycles upon the overall soil 
fertility and the yield of other crops in the rotation. Reference is always 
made in such discussions to the classic experiments at Rothamsted 
Experimental Station which deny the traditional belief that ‘fertile’ soils 
are those rich in organic matter, and that its maintenance is an essential 
part of good farming. Many of the Rothamsted experiments show that 
soil fertility as judged by yields of arable crops can be maintained by 
mineral fertilizers alone, as may be seen from the following summary of 
the Station Report for 1964: 

For more than 120 years two plots have received only sulphate of 
ammonia and other minerals, yet they yield as much or more wheat 
than one that has had 14 tons an acre of dung every year. The ley-arable 
. experiments are much younger — only sixteen years old — but they pro- 
vide information about more crops and over a wider range of treat- 
ments. One is on land ploughed from old pasture at the start of the 
experiment, another on land that had long carried arable crops. Each 
has had the same sb:-course rotation, all-arable crops on some plots 
while on others three arable crops follow three years in either a lucerne 
or a grass ley. As the experiment has continued and the manuring has 
been adjusted iu the ligjxt of experiewee, the yields of the test erops have 
greatly increased; wheat often exceeds tons, barley 2 tons, and pota- 
toes 14 tons an acre. On both fields the best yields are remarkably simi- 
lar, in spite of great differences between the amounts of organic material 
in the soils, and they are as great with the continuous arable cropping 
as after a three-year ley. 

On the old pasture field the organic material is diminishing with all 
rotations. The fall is much the same with lucerne as with continuous 
arable, but slightly slower with the grass ley. On the other field the 
organic matter remains almost constant, but is increasing with the grass 
ley though not with the lucerne. But wheat yields consistently more 
after lucerne than after grass. In the all-arable sequence the yield of 
wheat can be made to equal that after lucerne by giving it enough nitro- 
gen, but this has not yet been achieved after grass. The reasons are 
obscure, but it is evident that the traditional practice of resting land 
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^Cr.t ha, been possi^e to 

vdopmg counmes and to draw 4^5 measure of success 

repeat the argument presented ’ J* 4,^ potential production 

otlcrop rotation orafarimnssystem^m^^^ , ,4,4rect 

"breefhumSf^^^ 

r£Ki'sr:=r«=-»™-— ”•- 

even this is not by any means proved 

Mechanization 

Dairy development should on 'the part of the 
itandards of farming and so by a 6' machinery This may range 
farmer in better equipment and >"“'0 f“ See animal power 
from the mouldboard plough, and the cart t , —jjj to market, 
for the transport of manure, nnd conservation, and 

to the more complex types for Mder halve g utilization of 

seed harvesting threshing and cleaning 6 project area 

mechanization for the farming operations So ,ic present techno- 

should be assessedinateahsticmanner,mre ationtothcpres^ ^ 

logical level of the farmers Ownership of the be 

the State authorities or on a co operahvc or ay"*'™ „nguct trials 

considered Machinery suppliers should be encouraged t 4^34 

and demonstrations of new equipment in dairy ’ ^^4^ gc 

the speafic requirements for each site, crop and yp 
Studied and met 


Water Conscrration 

It IS impossible to produce milk without water— not the ° 

suspect ongin and composition that is used as an ^ on 

basic requirements for plant and animal physiology It is Geneve 
the basis of circumstantial evidence that the availabihty of amp & 

tion water, where possible remforced by cowshed wash or sewage, 

It possible to obtain a higher cash return and profit per ^ 

milk produced by good ammals than from any other food an 
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crop. This applies primarily to the high-producing African grasses, 
Guinea (Panictim maximum), Napier {Pennisetum purpureiim). Giant 
Napier (Pennisetum purpureum x P. typhoides) and Para (Brachiaria 
muticd) in the long growing season (with supplementary irrigation) of 
the humid or dry tropics. But let us take an example from a non- 
tropical environment, where availability of water for pasture growth has 
long been a serious limiting factor in dairy production.(“^) 

The University of Sydney’s McGarvie Smith Farm at Badgery’s 
Creek near Sydney, Australia (like large areas on the Australian conti- 
nent and elsewhere at similar latitudes around 35 degrees) has a reason- 
ably high but most erratic rainfall. The average annual rainfall is 29 
inches but in the last twenty-six years this range has been from 13 inches 
to 67 inches. The within-year distribution is no less variable and there 
is no single month in which adequate rainfall can be reliably recorded. 
Furthermore, the shallow clay soils of the Badgery’s Creek Farm have 
a surface of low permeability and about 50 per cent of the rainfall, most 
of which occurs as heavy storms, is usually lost by run-off. 

Before research began in 1952 the native pastures would not support 
dairy cows at all unless the cows were fed high levels of purchased con- 
centrates and roughages, and these native pastures would support only 
about one dry beast to each 10 acres. However, by constructing earth- 
walled dams and ring tanks to catch run-off water and by applying this 
water in the form of sprinkler irrigation to well-fertilized pastures and 
forage crops when the species composing them are responsive to irriga- 
tion, it has been possible to provide high-quality field grazing for Jersey 
cows during the whole of the year and to produce more than 1,000 
gallons of milk per irrigated acre. 

The principles governing the development of this scheme have been 
those of discovering how to impound water cheaply and efficiently; 
determining how to use this water most efficiently during any month 
of the year for the purpose of growing high-quality dairy cow forage, 
and finding out how the feed so produced can be most efficiently con- 
verted to milk by means of the grazing cow. 

The growth-rate and water use curves produced for one particular 
environment have been modified for a range of different environments; 
using these as a base, it is now possible to draw up specific requirements, 
on a per cow basis, for any particular farm. These requirements include : 
water storage per cow needed, the acreages of different species needed, 
the times when they need irrigation and the times and rates of utilization 
of the various forages by the herd. It has, in fact, been possible to pro- 
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v,de for individual farmers “ 

tion and pasture utiUraticn^an 

vtdeaeontmuoussupplyofmi^nlnm throughout 

«thhand.feeding The f^XfindStotion in North Ameriea 
eastern Australia and « “"^.uV^oivth patterns of irrigated 

It has also been possible, by ® of the year when each 

pasture and fodder species, to uj^watcr for the production of 

combination of species mil use of water it has been 

high-quahty eow forage By a system of planneo us 
pUeon^farms^letopr^ 

for a water cost of less than 800 lb o P F gaPons per day, 

the forage grown With a cow ^^ded per cow 

eatingdOlb °f or 2 400 To this mu^ 

per day for cow food is about 24,000 lb , b 60 

L added dnnlcing water md "'ater used in 

gallons per cow per day The total water ? p, 820 gallons 

duced by a 3 gidlon (average) cow would therefore be 820 gai. 

Measurement of Production 

The grassland and fodder agronomist who is JJ^^pjoduction 

mentation or in the planning of farms for ^ out- 

often has need of some acceptable measure „ fodder 

pnt on a particular field or farm The production ^ock 

feld has to be calculated from records of grazing and fceaing 
and must also take account of any additional ^t of the sward 

Variables such as the weather, class oMock and ““pioP by 

or crop have also to be considered This problem >'as be 
the British Grassland Society in “"aboration with the Gr 
Research Institute and the Milk Marketing Board m England C ) 

■A detailed comparison over a three year period of ‘he ‘w 
systems of recording (eow days and U S E •) f 
gave equally good results, when individual Belds '"'“hm a farm 
Lug Compared This made it possible to recommend the eomday^ 
the most useful unit for recording the output of Belds on dairy 
because of the simpler calculation , 

‘The USE system has some advantages for it takes account 
level of supplementary feeding, but this can also be shown periodic y 
m a farm management cffiaenc^ measure and nothing is gamed y 
* U S£ = Utilized Starch Equivalent 
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repeating the calculation for each field. Nevertheless, a measure of 
animal production being achieved from grass is still an essential part of 
grassland recording and the U.S.E. system ofiers one way of doing so. 

‘The intake of grass by animals varies from day to day but neither the 
U.S.E. nor the cow-day system records these differences. It is, therefore, 
pertinent to emphasize that recording systems do not offer a precise 
measurement of output but indicate the general level of production and 
so enable differences of more than some lOtolSper cent to be recorded. 
The grassland farmer can also obtain similar information about response 
to varieties, fertilizer applications and other management techniques as 
does his arable counterpart in other ways. 

‘Field production is assessed by recording the number of stock be- 
longing to different categories which graze in each field and converting 
this to the number of cow-days represented by the breed concerned. 

‘When stock receive bulk feeds other than grass the potential number 
of cow-days provided by these feeds is deducted from the field total by 
applying the standards given in Table 4. 


Table 4 

Great Britain. Cotv-days per ton of feedt^') 



Friesian 

Shorthorn 

Ayrshire 

Guernsey 

Jersey 

Hay 

68 

80 

97 

112 

Silage 

21 

25 

30 

32 

Kale^ roots 

17 

19 

22 

25 


‘This gives the picture while the livestock are at grass, but silage and 
hay taken from fields must be taken into account by adding an estimate 
of the potential cow-days they provide. . . . 

‘A study of the intake data shows that breeds may be equated in 
proportion to liveweight, and cow-days adjusted to standard cow 
equivalents. One standard cow equivalent represents the amount of 
feed a 1,000 lb. lactating cow will cat in 24 hours. A conversion factor 
is calculated by dividing the average liveweight of the recorded herd by 
1,000 lb. Examples are given in Table 5. 

‘The value of field records lies in creating confidence that high levels 
of production achieved on a few fields can be achieved on others and 
this offers targets and also standards for comparison.’ 

Records such as these may reveal facts that arc not obvious, such ns 
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that (m England) the range of field output m most farms is 100 to 400 
cow-days, that the established grass field may yield 40 to 50 per cent 
more than a ley re-seeded in the spring, and that the production from 
Italian ryegrass {JLoliwn mulufioruni) is often less than from most long 
leys even though it may produce more in the first year 


Table 5 

Great Britain Examples of correcting cow days to standard 
cow equivalents!^^ 


Breed 

livestock 

lb 

Factor 


Jersey 

£00 

08 


Guernsey 

900 

09 


Ayrshire 

1,100 

1 1 


Fnesian 

1,300 

13 



This IS an aspect of grassland and fodder research and development 
that needs to be considered m relation to tropical and subtropical condi- 
tions, where the mam sources of nutriment are cut fodder crops, crop 
residues and conoentrates, with grazing on natural or other pastures 
bemg the ‘supplementary' part of the overall ration It would be highly 
desirable to be able to assess the relative merits of different croppmg and 
fecdmg practices under different standards of crop and ammal hus- 
bandry On the pilot developmental project near Nakashibetsu m 
Hobkaido, Japan, local officers estimated that one-third of the farmers 
Could be classed at 100 per cent utilization of potential, one-lhird at 
50 per cent, and (he remainder between these two limits If in a dairy 
development project, it js possible to make some such classification m 
terms of a measure like cow equivalent feeding days, it imm ediately 
becomes apparent where the major effort in extension should be direc- 
ted 

Thus, on the basis of all these and many other considerations, the 
fodder agronomist working in a dairy development project has to esca- 
late how many hectares of (he potcnual fodder crops and pastures, 
^ving the average yields of green and dry matter and/or cow feeding 
days characteristic of the neighbourhood, are needed to feed the bovine 
^pulation that is capable of meetmg the daily demand of the milk 
actory Tffis has also to be done for crop residues and concentrates^ 
In ^y of the countnes studied m this publication, straws have to be 
included m the recommended raUons, although they are not good fod- 
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ders for milk production; wheat straw can have a negative digestibility 
in a mixed ration, and the limitations of paddy straw are well known. 
It probably cannot be expected that the cereal acreage will increase 
greatly and provide more straw as a by-product, but the greater use of 
nitrogenous fertilizers on cereal food crops will increase the amount of 
straw available. As regards concentrates, there is severe competition 
between men and livestock with regard to the cereal grains, and one may 
in general expect to have in many countries only the by-product such as 
bran and husks. For these and other concentrates it is necessary to work 
out the extraction rates and hulling percentages before reaching a figure 
for the acreage required to provide the much larger amount of concen- 
trates that will be needed if all the dairy development plans in all the 
countries are to come to fruition. Already in India, which is likely to 
become a major user of concentrates for dairy production and which is 
already a major exporter,(‘®®) the actual area imder the crops concerned 
is falling far behind that calculated as necessary by the Planning Com- 
mission, and the yield per unit area is not increasing as expected. In 
addition, if all the countries that now export the ingredients of concen- 
trate feeds are to retain an increasing proportion to support their own 
dairy development, a serious situation may well arise (see Chapter VII). 

Fodder Conservation 

An important problem in the humid tropics is how best to harvest and 
conserve the surplus herbage that becomes available from pastures and 
fodder crops which make extremely rapid and vigorous growth in cer- 
tain seasons in these environments. Reference has been made(*'®) to the 
difficulties of harvesting hay satisfactorily under the conditions of high 
temperature and humidity normally experienced during the growing 
season in the tropics, and to the problem of storage of the conserved 
product without deterioration due to moulding and other causes. In the 
West Indies and East Africa, tropical fodder grasses such as elephant 
grass {Pemisetum piirpiireum), Guinea grass (Pamcum maximum), 
Selaria sphacelata and materials such as sugar-cane tops are being in- 
creasingly used for ensilage for feeding during the dry seasons of 
the humid tropics.!^”) 

G. Maxwell Davies(-^) notes that there are only very limited areas in 
the humid tropics where the rainfall is so uniformly distributed through- 
out the year that supplementation of available grazing resources is un- 
necessary when farms arc stocked to full capacity. There is also a fairly 
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,onspenod»eacByear when the 

,s greater than the requirements of the ,cal grasses 

even when the best harvesting practices are coarse 

that are best suited to hot humid 'f wses^n con- 

and of only hmited nutritive value Even J,,; be inferior 

servation are reduced to a minimum, the final j^mental 

in quality to conserved fodders in the ^'e to 

problem with which agronomists in the humid tropics hav 

Jsthefactthatthesurplusherbagewhich may be harvested 

non usually grows at a time when weather conditiOTS ar ^ ^ 

favourable for the making of good hay and/or silage The so 
usually preclude the use of tractors and heavy equipment at 

It IS Lnsidered that studies of the growth habit of grasses and 
of the humid tropics are essenUal, in order to produce varieties • 

although perhaps lower in total annual yield, nevertheless gi 
maximum growth at a season when they may be 
into good hay or silage With the present types, G .for 

siders that it may well be preferable to delay harvestmg of her g 
conservation until a higher incidence of sunshine and the . 

maturity of the herbage will result m an increase both in sugar an ^ 
matter content, even though the quabty of the herbage may be ® , 

It should be noted that heavy dressings of mtrogenous fertilizers 


to lower the content of soluble sugars in the grasses 
It IS undoubtedly true that surface wastage in silage can result m very 
high losses of nutnents (up to 40 or 50 per cent) where the entry o a 
IS not controlled Satisfactory fermentation and minimal surfaw o ^ 
have been achieved in the Philippines when makmg silage as easily an 
cheaply as possible m ‘bun’-type stacks The ensiled material is chopp® 
or lacerated, and sufficiently consolidated to avoid high temperatur^ 
during and after conservation. The stack is covered with plastic shee 
to exclude air and moisture, the sheets being held down by a suita e 
covenng material Even when harvested and conserved during reason 
ably favourable periods m the rainy season, silage made in pits or stac 
with the necessary modification of accepted pnnaples is a satisfactory 
supplementary feed for high producing dairy cows of European breeds 
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Chapter VII 

CONCENTRATES AND OILSEEDS 


T he expansion of dairy production in the developing countries will 
remain for the time being largely dependent upon the availability 
of oil cakes and other ingredients of concentrate feeds. Unless 
and until the production of high-quality green fodder on cultivated land 
is greatly inereased, mil k producers will tend to feed concentrates for 
at least part of the maintenance ration and for all the production. The 
promotion of dairy development on any scale is therefore likely to 
create a greatly increased demand for the ingredients of concentrate 
feeds. These be purchased and fed unmixed according to their 
seasonal availability on the markets and in the bazaars. The ration will 
therefore vary widely in quality month by month, and will be fed 
wastefully to animals of low efficiency of feed conversion. There is a 
great need for feed mixing plants to ensure economic utilization of 
resources and optimal nutrition of dairy animals. 

An example of intensity of competition for limited resources of con- 
centrates and oilcakes may be given with reference to India, quoted 
from The Planning of Milk Production in India.l}^’) The three chief de- 
mands for these resources in that country are for working cattle, for the 
production of milk, and for the poultry industry. The requirements are 
calculated on the basis of accepted Indian feeding standards (Table 6). 

Working cattle: The total net cultivated area is taken as 334m. acres. 
One pair of bullocks is required to cultivate 10 acres of land. The total 
number of bullocks required is 66,800,000, disregarding the large num- 
ber kept for purposes of transport only. 

Milk: The milk plants in operation (working at one-third of capacity) 
or under construction in 1966 have a planned throughput of 3 million 
litres per day. Milk plants may expect to collect 40 per cent of the milk 
produced in their own procurement areas; therefore a total production 
of 7-5 million litres per day is necessary. It is assumed that the average 
yield per lactation is 500 litres. The calculation refers only to procure- 
ment areas around milk plants and not to the milk production of the 
country as a whole. 
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Poultry The figure for concentrates represents the amount needed 
to achieve the 4lh Flan target of 25 eggs per person per year for the 
whole population, from hens giving 100 eggs per year. 


Table 6 

India Requirements of concentrates for work^ milk production 
and poultry, and resources mai/a6/e (“*) 


Type of demand 

Requirement Resources 

(in thousand tons per year) 


Work 

400SO 



Mak 




Poultry 

10,125 



Total 

58.605 

10,000 



The concentrate feed position, which is already becoming acute in a 
number of countnes, may be improved to some extent by the following 
methods 

(1) Increase of area of crops providing the ingredients of concentrates 
— brans are dependent upon an increase in the cereal acreage and 
a low extraction rate, legume husks upon an increased acreage of 
gram legumes, cotton-seed upon the cotton acreage, other in- 
gredients upon the availabili^ of land to spare from food and 
cash crop production, 

fl) Improvement m yield per unit area by the provision of better 
cultivars, plant protection measures and improved agronomic 
practices; 

(3) Frovision of facilities for feed mixing, so that cations may he 
correctly designed and followed m feeding practice, on the basis 
of standard products of uoiTorm composition and nutritive valuc» 
and 


(4) The availability of producijvc animals capable of conveiting 
limited quantities of hi^-protem and other concentrates into 
milk with the maximum efficiency and heat tolerance 
The increased yields and efficiencies of utilization to be expected from 
the first three measures are himted m extent, and the future availability 
of some of the ingredients may suffer considerably due to increasingly 
intense ^mpeuuon with food crops for direct human consumption It 
IS Item (4) that can make the greatest contnbution to the problem of 
uffiization of concentrates Ut us again take the example of India, 
where the resources available total about 10 million tons per sear. 
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To achieve 80 million litres per day (6 oz. or 0T7 litre per head of 
human population per day) we need 89,600,000 tons of concentrate 
ingredients (assuming that sufficient green fodder and crop residues are 
available to provide a balanced ration) to feed 256 million animals with 
a lactation yield or herd average of 500 litres. 

With lactation yield of 1,000 litres per animal, we need 128 million 
animals and 51,200,000 tons of concentrates. 

With a lactation yield of 2,500 litres per animal, we need 51,200,000 
animals and only 33,280,000 tons of concentrate, or one-fifth of the 
animals and about one-third of the amount of concentrates to produce 
the same total amount of milk. 

Interdependence of Environments 

Concentrates are an example of ecological interdependence between 
temperate and tropical environments. Many of the advanced countries 
with highly developed and efficient dairy industries depend upon the 
developing countries for some of their concentrate ingredients. Many of 
the latter are trying to develop their own dairy industries. If they are 
successful, less of the locally produced concentrate ingredients will be- 
come available for export. India exports about 840,000 tons of oilcakes 
(mostly de-oiled groundnut) per annum, valued at Rs. 39 crores in 
1964-i This would be equivalent to an indigenous production of 18 
million litres of milk per day, if the other concentrate ingredients and 
green fodders were also available, and the livestock population was 
ss-ffirlenJ prodacliyj)}’. .4s Jhfserrvid.h.vrfflsdr'XkPjEx.isJ, 

the oilcakes may as well be exported to earn the precious foreign ex- 
change. Current shortages and increasing demands are, however, causing 
a serious increase in the price of concentrates, and hence a reduction in 
the daily ration fed on the part of the farmers. It can be only a matter 
of time before the tonnage of oilcakes now exported annually will be- 
come progressively and significantly reduced. If this trend becomes evi- 
dent on any scale in the developing countries, it may be expected to 
produce compensatory changes in farming and feeding practices in the 
advanced dairying countries, improved pasture management and atten- 
tion to maximum quality in conserved feeds such as silage and hay, and 
perhaps again, even artificially dried green crops for the provision of 
concentrates. 

The situation was reviewed at the Annual Conference of the British 
Institute of Corn and Agriculture Merchants in April 1965, by Mr. 
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H C H Graves. «ho stated that m 4= late 1930^ 

under cereals was 950 mll.on wath “ 

and a crop of 470 million tons In 196 nuUion tons 

acres with an average yield of Lt eS^tintnes 

The figures of average yield masked wi^ n,nmark and Bel- 

For example, in the Netherlands, XJmted Kmg against 13 5 m 

pum m 1963, the figures were over 30 cwt ,«r J^n 

The Umted States and 11 3 in Canada Tields of n« more 
30 cwt. pet acre were ohtamed m Spam, *0 Umt 
over 29 cwt. in Japan and Italy, as compared with 14 3 
and 7 3 cwt. in India The speaker could sec no 

yield might not be raised over the next thirty-five j yped 

30 cwt. level, given effective educaUonal programmes, ^ 

oiluvauon, and the use of adequate fertilizers and good qiiau^ 

If this could be done the total world supphes from present £ 
would nse to 1,760 milhon tons , , , «i,phtlv 

This would give a more than donbled world population a ^ ^ 

latget tauon than other at present or before the ® 

requirement of coarse grains had to be multiphed by three fa 
first, to allow for the mcrease m population, second, for an 
calorie standards (Stage 1 of Chapter 1), and third, to P™™* 
creasing proportion of the diet from animal sources (Stage ) *_„b 

basis, the requirement of coarse gram would be 1,400 million 


against the present potential of 632 million tons . 

Great Britain may expect to feel the effect of the mcreasmg deman 
m other parts of the world, first m the availability of supplies 
nch material for animal feed Total protem supphes m the Umted 
dom went up from 1 ,806,000 tons ra 1955 to 2,343,000 tons ^ 

by far the greater part was imported (272,000 tons of fish meal, 2 , 
tons of meat meal, 192,000 tons of soybean, 689,000 tons of g^ou^ 
nuts, 128,000 tons of linseed, 101,000 tons of sunflower and 337,0W 


tons of cotton-seed) 

The additional supphes of protem on which Great Bntam and 
w estem European countnes depend for the mamtenance of their anir nm 
protem (Stage 2) standards of diet come largely from the regions wbicm 
on nutntional grounds, can least afford to part with them. Even thoo^ 
the foreign trade accounts of developing countnes would not balance 
without this export, how quickly nught the mdigenons populations in- 
sist on the diversion of part at least of these exports to the fulfilment o 
their own nutntional needs? The availabihty of imported protein m 
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Great Britain wonld become less and the terms of this trade would in- 
evitably become less favourable, the more so as industrialization spread. 
This created the need for more economical production of livestock and 
feed supplies in Great Britain itself, and intensified research with a 
view to using the knowledge throughout the world. It was of great im- 
portance to Great Britain to double or treble the yields of rice in China 
or India. 

If the average protein content of Great Britain’s grain crop of 12'5 
million tons could be raised by 2 per cent, the protein gap would im- 
mediately be reduced by 500,000 tons. It was sometimes held that 
fertilizing land to get high grain yields led to reduction in protein per- 
centage. The fertilizer companies might well assist by concentrating on 
such points. In the meantime, certainly the United States and the Soviet 
Union should not be content with their present low yields of cereals per 
unit area. It should be noted, however, that the comparison of average 
yields is not quite fair. The high yields of western Europe are obtained 
under an ample, well-distributed rainfall and on fertile soils, whereas 
the North American figures relate to extensive cultivation in the Great 
Plains and the Prairie Provinces. 
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Chapter VIII 


ANIMAL nutrition AND 
EFFICIENCY OF CONVERSION 


Malung the Dairy Industry Competitive 

t rrf dairy industries are to be viable they must be 1 

J/T eial rLrn per unit area of cultivated fodder crop with ^ 

\ land food crops This need viill be greater vihen “f,! 

competition with other crops on irrigated land and perhap p — 

with high-value vegetables and other '’“^icultural crop 
responsible for dairy pohcy have to decide whether they 
industry merely to represent a means of converting “ 

crop residues such as straw, and poor quality grazing into mi 
the medium of many low-producing animals capable of effect 

such a diet When fanners under such conditions begin to feel tn 
of a regular milk market, they may obtain the credit for the purcha 
belter animals, but iheir higher nutnent requirements are genera y 
first by the purchase of more concentrates In many countnes these 
exported for foreign exchange — action may be necessary to retain mo 
for home consumption 

Between the soil, the crop and natural vegetation and the envir 
ment on the one hand and the milk collecting centre on the other 
the dairy livestock, the cows and/or buffaloes whicb are the conve e 
of the products of photosynthesis into milk In most tropical and su 
tropical environmenlsthey are not effiaent converters, due to a combina 
tion of poor genetical make-up, low standards of adaptability, an 
wholly inadequate nutrition and management Tropical animal hus 
bandry requires a high level of knowledge on the part of the personne 
concerned In most of the milk projects m these latitudes, the ongina 
assessment m terms of livestock potential and requirement has been 
quite inadequate, due largely to lack of data 

If we are to discover the number of milking animals that are required 
for a proposed milk project and to plan the cattle development policy 
accordingly, we need ideally to have certain basic data, not all of which 
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are normally collected by animal husbandry departments and other 
responsible authorities The results of a survey will provide an essential 
component of the balance sheet that we are trying to draw up, namely, 
the total population of cattle and other types of hvestock that have to 
be catered for within the specified radius around a milk factory if the 
number of producing bovines is to be adequate to maintain the planned 
daily input of milk, with seasonal fluctuations reduced to a minimum 

Efficiency of Conversion 

It IS necessary also to consider the standards of productivity that are 
to be obtained in the bovine population In doing so, maximum effi- 
ciency of conversion of feeds and fodders must be reconciled with the 
availability and costs of production and/or purchase of these feeds and 
fodders Elsewhere it is stated as desirable that maintenance and the 
first 5 to 10 litres of milk should be obtained from a ration of green 
fodder and dry feeds in the form of hays or crop residue It will be a 
matter for calculation and decision whether it is better economically to 
have a larger herd with a productive capacity around this level, or a 
smaller herd of higher individual productive capacity, to maintain which 
It IS necessary to feed expensive purchased concentrate feeds which may 
already be in short supply 

Let us take as an example cows in a temperate climate having a body 
weight of about 450 kg and producing milkof30to35per cent butter- 
fat (“*) The general approach has been to see how much feed would be 
required to produce x litres of milk based on an assumed average yield 
per animal, using the older requirements for milk production which are 
still generally applicable to low-yieldmg cows A cow giving 2 litres of 
milk per day will require 

(1) For maintenance 3 15 kg S E * and 0 3 kg D C P t 

(2) For production 0 51 kg S E and 0 1 kg D C P 

Total for maintenance and production of 2 litres/day 
(approx 730 kg p a ) 3 66 kg S E and 0 4 kg D C P 

Let us assume that a man has six of these cows He will get 12 litres 
of milk per day for which the theoretical requirement would be 6 x 3 66 
■= 21 96 kg S E and 6x04 = 24 kg DCP Even allowing for opera- 
tion of the law of diminishing returns, this is more than adequate for a 
cow producing 36 litres of milk per day (14 kg S E , 2 5 kg DCP) It 
* S E = starch equivalent 
t D CP = digestible crude protein 
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IS unrealistic to suggest that the 2 toe raws be 3,er- 

36 htre raw, but suppose they « P ^ ou,d be a total of 

aged 9 hues each The requirement f" decrease in 

162kg SE and22DCP per day Thus for a 27 per rant^^^ 

s E input aud a 10 pet “ f JoHraproved cattle 

could be more than douhled by J the requirement 

Even If the cows gave only 4 5 litres of mlk ^r day i^ (17 1 kg S E , 
would represent enough output from a popu- 

2 1 kg D C P ) , an increase of 33i^r “”t >” ™ P „„t m S E 

lation reduced by 33i per cent, with a saving of about 2 p 
and 16 pet cent in D C P (see Tables 7 and 8) 

Table 7 

Great Bnlam Smiag m food required la produce 12 hires o i" 

per dayQsr^ 


Yidd per cow Total 
Ho ot per day, yield, 
cows litres litres 


Food requirement 

SB* D C.F t 

Vg /day ^8 


12 

12 

12 

12 

12 


21*96 
15 66 
12 51 
9 36 
621 


2 52 
18 S 
1 56 
124 
092 


• Starch equivalent 


t DigesUblc crude protein 


Table 8 

Great Britain Potential mUc output by animals with 
genetic characteristics from a quantity of food mt . 

that required to maintain and produce 2 litres of milK per ««/ 
from 6 cowjC**) 


Food requirement No of 

S£- D C.P cows 

kg./day ks./day 

2200 2 52 6 

11 82 202 1 

1131 1*92 I 

1446 2 24 2 

1710 246 3 

10-29 1 72 1 

13-44 204 2 

927 1 52 1 

12-42 1 84 2 

15 57 2 16 3 

18 72 2-48 4 


Yield 
per cow, 
litres 
2 
34 
32 
16 
10 
28 
14 
24 
12 
8 
6 


Total 

yield, 

litres 

12 

34 

32 

32 

30 

28 

28 

24 

24 

24 

24 
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It is dear that more milk can be produced from fewer but better 
animals and at less feed cost. What is not so immediately apparent is 
that these fewer cows should necessitate fewer followers to maintain 
their numbers, and that the net gain in available food is even greater 
than would appear from the saving on milk production. Fewer followers 
would mean more food available for them and the chance of further 
improvement in their rearing and coming into profit — an ascending 
rather than a descending spiral. Figures for temperate conditions may 
not apply to subtropical and tropical conditions because absolute 
nutrient requirements may differ. But it is still true that the lower the 
yield, the greater the proportion of the food requirement needed for 
maintenance. At these low yields, it is undoubtedly more economic to 
feed one animal to produce x litres of milk than to feed two animals 

to produce each ^ litres or n animals to produce ^ litres. 

2 n 

The importance of ensuring maximum efficiency of conversion may 
be expressed in another way, in terms of the number of productive 
bovines of four different levels of milk production per lactation that are 
required to maintain a daily production in a District in South India of 
150,000 litres per day. It will be seen from Table 9 that far fewer animals 


Tasle 9 

India. Productive bovine population and amounts and areas of feeds and 
fodders required to provide 150.000 litres per day. assuming four 
different levels of average milk yield per lactation, at Coimbatore 
District. Madras Stated"”^) 


Resources 

500 

LrntEs PER Lactation 

1,000 1,500 

2,000 

Productive bovine popula- 
tion (total) 

480,000 

240,000 

160,000 

120,000 

In milk 

120,000 

60,000 

40,000 

30,000 

Breedable animals, dry, 
above 3 years 

120,000 

60,000 

40,000 

30,000 

Young stock, followers and 
others 

240,000 

120,000 

80,000 

60,000 

Requirements of concentrates 
(tons) 

168,000 

96,000 

79,992 

72,000 

Requirements of green fodder 
(tons) 

1,680.000 

960,000 

679,830 

540,000 

Requirements of green fodder 
(acres) 

168,000 

96,000 

67,983 

54,000 

Requirements of dry fodders 
(tons) 

1,488.000 

768,000 

519,870 

396.000 

Requirements of dry fodders 
(acres) 

148.800 

76,800 

51,987 

39,600 
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R ie required at the higher amounts'of feeds and 

rrx”hr^i= ■" - -- 

needed to produce them 

Uvcstoct and Feed Resources 

In relating cattle to feed resources rt is ““^“^°rnd poCng)^ 
of productive animals that have to be fed ( ^ to balance 

anLhether(andho«)thatnumbermaybebronghtJ^i^^ 

with the grazing, fodder and ^“PP'^™ ' apart from essential 

necessary to remove all competing types o f L the area around a 

working oxen and perhaps pigs and em-mary removal 

milk factory, even including arrangements for '•^^ “"'P ^should be 
of dry stock and young animats from the ^ ^ t compete for 

regulations and facilities for the removal of all sheep, 

the generally limited grazing and fodder resource . agncultural 

goafs, horses and donkeys that are not essential to 0 ™^ 
producuon These faalities should also be PrOT'^' J be neceSery 
bovine males and tor discard cows and buffaloes y action 
to provide appropriate stock markets at strategic cct buffaloes in 
wdl change the proportion of mature productive cows 
the total livestock population, and so increase the a 
procured from the total fodder and grazing resources /bas 

curement area The breeding behaviour of the cows and ^nase- 

to be Studied, particularly the effect of improved nutrition 

ment on imlk yield month by month through the year or a Jossi- 
age at first calving and the intervals between calvings, an 
bility of adjusting calving dates m order to reduce the pen 

production rations is 

The choice of crops and other items m improved feeding 
based on the principle that cultivated fodder crops or pastures 
green or conserved form should eliminate the straw and o e 
quality rou^ages to a maximum extent, that they should mee 
most of the maintenance requirements, and that they should if po 
provide the first kilogrammes of milk, before it becomes 
feed concentrates If this standard of feed and fodder production 
utilization can be combined with productive ammals, a viable an 
cient dairy industry will be achieved In India it is said that one nee 
have bovines giving at least 1,000 litres of milk per lactation un et 
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lage conditions (double that on State Farms and Milk Colonies) before 
fodder production on cultivated land becomes an economie proposition, 
but the critical point depends, of course, upon the producer price for 
milk and on other factors. The recent steep rise in the price of concen- 
trates in India without a compensatory increase in price to the pro- 
ducer has caused milk producers to reduce their purchases of these 
feeds, and so to reduce milk production per animal. 

Protein and Energy Scquirements 

/The new rations need not be idealistic, and up to the standards of 
/advanced countries, but they should be realistic. They should provide a 
basis for progressive improvements in feeding standards parallel with 
the advances achieved by the agronomist and the farmers. Under more 
advanced conditions, feeding standards, as well as standards for indi- 
vidual and combined feed components, will need to be re-evaluated if a 
hi^-concentrate, low-roughage, early maturing and high feeding pro- 
gramme is practised. According to Glover, Duthie and DougaIl(’^ ”), 
following Glover, Duthie and French(”) in East Africa, reasonable 
estimates of the average amounts of total digestible nutrients and gross 
digestible energy of ruminant feeds can be derived from knowledge of 
only the crude protein and crude fibre contents of such materials as 
fed.(““) These estimates do not appear to be markedly affected, if at all, 
by differences in class of feed or species of ruim'nant. Inherent in the 
relationship is a suggestion that, if a low plane of protein nutrition is 
prolonged, that is, when the crude protein of the dry diet lies persistently 
below some 5 per cent in the feed, a common condition on natural 
grazing lands in the dry season in the tropics, there is likely to be a sharp 
fall in the total digestibility of the feed.(^’) 

At the lower levels of nutrition of dairy animals generally associated 
with grazing in the tropics, the question arises of supplementing the 
food intake in a manner that is not wasteful. In South Africa, the prob- 
lem arose of stopping the loss in weight of beef cattle overwintered on 
the veld where grazing is sparse and very low in protein. The same situa- 
tion exists in India from January or February until the monsoon breaks 
in June or July. At Hessarghata near Bangalore, it has been found pos- 
sible practically to eliminate this loss by feeding hay from an adjacent 
plot harvested at the correct season, plus about 1 kg. groundnut cake 
per day to growing male Sindhi animals. In South Africa, a mixture has 
been devised consisting of urea, maize meal, some linseed or groundnut, 
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.fenRenUtionby-pTodurtpCW^™^^^^^ 

the fermentation by-product prom j. maize Loss 

mdigestible pasture, mded by ‘'‘= ™PP ‘ In mats m 

in weiaht IS prevented and even some ^ j cattle, either 

South Africa, urea 

sprayed on bay, or compounded n*® » J p of mono- 

40 !«r cent urea, 10 per cent molasses, 3 8 i«r «n r i 

sodium phosphate, plus traces of copper andMb^lU ) 

Papers^. »■) on the protein requirement of of 

Rhodesia should be considered in a reapprais g. 

mdigenous and other breecU in 

cally "With nitrogen balance tnals on orotem require- 

■ngLts adequatemenergyandloi^n protein andthepoM^^^ 

mints for maintenance of three br^s of ca^ ^ ^here is 

the requirement for digesbble crude prote diaestibdity of the 

some evidence that this may be due to an incre^e ‘“^^surned 

protein in a ration of this nature Consequ^y t ^ accepted 
that the protein requirement is only two-tbirds of I*'® 8 .jo^mmenda- 

flgure Indeed, a protem level of 58 per cent of though 

uonC=) was found to be inadequate in a low-energy ” „ts this WM 
the latter appeared to be adequate m total digestible nutrients , 

^rtapsdu?mainIytoth=loweffiaeucyw.th7chmtrog»«^^^^^^^ 

cattle on rations conUimng madequate available carbohy 

^ShaddadyC’’) raises the fundamental problem is it to 

to grow more proteuv for cattle m the form of grass an o 
grow more cereals? Grass (pnmanly grass/lcgume 
cakes will provide the protem but will not, of themselves, pr . 

optimal ruminal environment for its most efficient utihz^ion ^ 

on the other hand, provide htUc protem but mduce more efficien 
Uon of what is present Ideally there should be a combmation 
three components, but if they arc not all available, it is better to 
oilcake and cereal or even grass and cereal, but the last thing to 
would be the cereal Starch depresses butterfat but low fat milk is w 
than no imlk at all Oneshould also mention the possible supply ol pr 
tern from urea when adequate carbohydrate supplementation is ^ 
able It IS now clear that the cffiacncy of utilization of protein, and nen 
the calculated requirement for it, cannot be assumed without regar o 

(а) the energy level of the complete diet, and 

(б) the nature of the energy source 
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A reduction in energy requirement for maintenance might be ex- 
pected from high milk producers, provided an extreme external heat 
load is prevented.('^') The feeding of a ration consisting mostly of con- 
centrates and intensively grown roughages of low fibre content raises a 
number of problems. A careful watch must be kept on milk output and 
the feed intake should be balanced accordingly. Frequently, one en- 
counters farmers who are using balanced concentrates, but who are 
feeding them at the same level to all animals so that poor producers are 
fattened and good producers are sufficiently starved to reduce milk 
yield. The relevant problems are: 

(а) the interaction between various feed components which reduces 
the digestibility of fibrous feeds and thereby interferes with the 
digestibility of intra-cellular proteins and soluble carbohydrates; 

(б) the possibility of reducing CH4 production in the rumen by the 
correct combination of ingredients and feeding practices; 

(c) chronic bloat associated with low feed consumption that cannot 
be alleviated merely by provision of roughage (but possibly due 
to a high saponin content of the fodders at the stage of gro^ at 
which they are fed); 

(d) under intensive fanning with high applications of nitrogenous 
fertilizers on irrigated fodder crops, the problem of NO3-NO2 
poisoning and/or the effects of certain feed components probably 
interferes with animal health and food utilization; 

(e) with the increasing use of urea for fertilizer and feeding purposes, 
care must be taken that this substance is not available in a badly 
distributed form because as excessive isiake eas sensusfy disturb 
metabolism or result in death; the use of urea should also be 
accompanied by the feeding of adequate quantities of readily 
available soluble carbohydrates, such as are found in molasses; 

(/) when under farm conditions an increased consumption of silage 
is sought, reasons for the rather small intake of dry matter some- 
times encountered should be investigated. Again according to 
Shacklady,!)^®) there may be a number of reasons for this. Since 
digestibility of a roughage is a major factor in determining volun- 
tary intake, one would expect the intake of a more digestible 
silage to be higher than that of the less digestible mature crop 
(provided that losses of protein and carbohydrate do not so 
change the composition of the silage that it becomes less digestible). 
The low dry matter intake could be a function of a high moisture 
content of the silage and a restricted allowance of time in which 
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,0 eatit secondly, the quaUJy “f oTSng 
,U palatabdity Thirdly, m the ‘ .jage as effluent, 

sdage. there tends to be some f ™^^perhaps the 
phosphorus IS lost to a greater J of a bone 

mtake of sdage would be rn^sed P^^'^Uy beneficial 

flour/salt mineral hck Fmally. ““^ame time 

effect of sdage and dry roughage o m output of energy 

The utilization of feed ener^ “““iP he increased by applying 

per unit area in a country such as Israe y 

the following management practices C ) ^ .v„.otenzed by absence 
cal of classic milk produang countnes. of ramfaU 

of permanent pasture suitable for dairy production. ^b°rtage 01 
and water resources, a subtropical chmate. and only smaU areas 

cultivating fodder and gram crops j ra shire by prao- 

(a) Prevention of erccssive walking to and from pR®^™ J P 
using zero grazing, espeaally for high producing c 

(b) Reduction of erposure to sun and heat load by inecbamcal mean . 
shearing, spnnkhng. correct design of farm buildings 

(0 Provision of all feed intake on an individual or smaU ^oup M 
roughage and concentrates according to ,s 

sibly 10 to 20 per cent above the common standard when 
cheap and a good return m milk is obtained 
(d) Chopping of green and dry coarse roughage to =“Rble co p 
consumption with less energy spent on eaUng and uig 
Chopping IS practised in India with all straws, and Goveinmen 
India gives a 50 per cent subsidy for the purchase of chafi 
A mixture of green bcrseem and (»real straw is sometimes 
to induce the animals to cat their quota of straw 
found to be tedious and expensive m Great Bntain and of oo 
ful value in conserving energy At BeltsviUe, U S A , the chopp> 5 
of green matcnal increases the total return per unit area, ana 
regarded as worth the effort for the control of parasites tnai 
achieved in both cows and calves O 

(e) Prevention of mechanical wastage and increase m feed value y 
the use under intensive management of well-balanced and mor 
complete pelleted feeds, fully utilizing the benefits oblamed y 
heating the feeds (more research needed on methods of avoiding 
consequent reduction in fat percentage) 

(f) Further action to reduce heat load, possibly utilizing vegeta 
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or animal fat in the ration (although the additional fat must 
increase energy intake and much may be excreted undigested). 

(g) The value of natural versus heated proteins and their appropriate 
combinations with other ingredients (possibly using non-protein 
N) need to be re-investigated in the light of recent research, which 
indicates that ruminants as well as chickens can better utilize 
roasted soybean and other protein-rich meals (provided the roast- 
ing is done under correct supervision and one does not produce 
‘charcoal’). 

In sub-paragraph (c) above, it is not clear, according to Shacklady(“°) 
whether Volcani might not be adopting the practice, which is being used 
in Great Britain to some extent, of a kind of dual scale of requirements. 
Basically what one does is to feed approximately the same amount of 
concentrate over the whole lactation as the yield justifies, but to distri- 
bute it differently from the conventional way. A higher level of feeding 
is practised in early lactation to take advantage of the ‘urge to milk’ and 
the scale is reduced as lactation progresses and yields fall away. It is 
argued that this tends (a) to result in greater milk production, and (b) 
to reduce costs per litre. Jawetz(®®) sets out to indicate the profit margin 
on each litre of milk, beyond a certain stage, in cows of various average 
lactations, with the object of calculating when the return in extra feeding 
becomes no longer worth while — the law of dimim’shing returns illus- 
trated by actual cost figures. Where purchased feeding stuffs are a domi- 
nant economic factor, one may conceive of situations where at one 
moment in time the return in milk production from extra food might be 
uneconomic, but would become economic again due to a sudden drop 
in feed prices. 

While on the subject of adequacy of nutrition one must be very careful 
not to assume that, because a cow is producing a certain quantity of 
milk, the diet is adequate for that level of production. The modem 
high-yielding dairy cow has such an inherent drive to produce milk that 
it will do so at almost any cost to itself. If the nutrient intake is inade- 
quate it will not immediately reduce its milk output but will attempt to 
meet the deficiency from its own body reserves. After this the yield will 
fall and the animal will ultimately adjust its yield to the lower plane of 
nutrition. However, the body weight of the cow would have fallen as 
also would the level of nutrients secreted into the milk. Yield alone — 
unrelated to changes in body weight and condition and milk composi- 
tion — is therefore not a good criterion of adequate nutrition.!*”) The 
assessment of nutrient requirements based on higher-yielding cows 
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demonstrating the buffenng elTect “f ^ 'o aTamm Jw'* 
underestimate of requnements when app hed to an amm 
no nutnent reserve in its body By its ““ underfeeding 

porary underfeeding without damage, but it is chrom 

that causes the trouble , , ^ ^t-ole business of 

Sub-paragraphs {e).(J)^nd (g) above a„,ntion, 

compound feed manufacture with rcgar ir-ind there is ample 

aJptabdity. economy, etc This is a study m ", J,ts 

scope for research and practical trials It is. however outede th 
of L present review Suffice it to say that “ “us.toWe^d 
techmcal competence is required to produce h’Sh fa 
peUet satisfactonly Almost as many “tXsUblished 

pelleting or cubing as the reverse Certainly there ^ ^ ,t 

cases where efficiency of utilization is increased by ““^ing * 
of heating soya is to destroy the trypsin '"hibitor that it co 
reduce urease activity The beneficial effect is most appa«o “ ” j 
ruminants No major damage is done to the protein of a P 
at temperatures of 54». IV and 88» C in the presence of mo^ 
held for the duration normal in this type of processing. 
be affected, but this can be rectified by supplementation ^ 

nants, the problem is quite different— there are at least ‘wo oMots 
considered, one being that of processing on butterfat P'oductio . 
the other on protein utilization With regard to the whole Pt°b‘ 
protem in nutation, the position with respert to ruminants is mt 
and bafihng— one may even deduce a requirement for specific a 
acids C®*) 


Nutritional and economic Planning 

■When we have discovered the total numbers of milking, dry ^d 
young stock that are involved m providing the planned input per 
of a milk factory, it is possible to present the reasonable feed requ 
ments in terms of dry matter, total digestible otgamc matter, poun 
and percentages of starch equivalent and protein, and other measur 
adopted by the specialists m ammal nutrition Then one has to consi e 
how these requirements may be met under the conditions m question, 
from grazmg of natural or sown pastures, feeding of cultivated fod er 
crops m the green or conserved forms, of straws and other roughages, 
and of concentrates For this purpose, it is desirable to have results o 
studies of cbenucal composition and nutntive value of the feeds an 
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fodders grown under the seasonal conditions around each individual 
milk factory. 

The gain or income of a dairy farmer is represented by the difference 
between input and output from his enterprise. In all countries, feed 
costs are the greater part of the farm input figures, depending upon the 
price per unit for production on purchase of feeds, fodders and grazing. 
The total output is composed of milk produced, animals sold, and the 
after-effects of manure on fodder and other crops where this is used for 
soil improvement. All those concerned with the agricultural and animal 
husbandry aspects of the dairy industry must assist the producer to 
make the difference between input and output as large as possible, and 
the best way to do this is to increase the efficiency of feed utiiization.(®*) 
This efficiency has two main aspects, nutritional and economic, and 
should be related to the whole span of life, covering the large investment 
that is necessary before the cow is producing up to the time when it has 
a certain slaughter value. Again we must stress the importance of a good 
animal and the need for drastic culling and selection for improved strains. 

The dairy extension specialist has to keep abreast of the rapid de-' 
velopments occurring at the present time in the field of the nutrition of 
the dairy animal. This knowledge is needed more particularly in the* 
third phase of the establishment of our milk factory, the period aftei 
the factory is in operation and the farmer has an incentive to adopt im^ 
proved techniques. A fairly extensive system of rearing young stock, 
ability of cows to calve at regular intervals, a good capacity for milk 
production, longevity and an early age for first calving are five impor- 
tant criteria for the efficiency of a dairy herd. The system of rearing 
appears to have an influence on the subsequent intake capacity of the 
mature animal; in temperate areas some evidence has been obtained to 
suggest that the less concentrates are fed to the young animals, the more 
roughages may be consumed subsequently, and also that an intensive 
rearing system (high amounts of milk and concentrates) has a harmful 
effect on longevity (data from Great Britain do not confirm this). A 
less intensive rearing system with early introduction of roughages re- 
duces the cost of rearing and increases the efficiency of feed utilization, 
provided that the stock are not starved but have a reasonably adequate 
intake of nutrients to permit skeletal and muscular development. 

In most advanced countries the heifers of the dairy or dual purpose 
breeds calve between 24 and 36 months and milk production starts; 
the younger the heifer at calving, the more care is needed in its feeding 
during the first and second lactations. In those countries where feeds 
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and especaUy supplements me the 

be later (about 36 to 42 months) beenuse of the body devemp 

the heifer Selection towards higher-yielding animals 

Ler need be kept, or that more milk will be produ^d ‘"e^am^ 

number In the former eventuality, fewer replacements 

and the fodder situation will be eased ^ ^^6 first 

fewer animals, the plane of nutrition can be raised 

calving dates may,itis to behoped, more nearly approaehthoseobta 

mg in more advanced countnes This in turn means that the amma. 
Will be in profit earlier 


Production from Grass 

The mam arguments presented in this publication are ^ 
development calls for maximum intensification to achieve eco 
producUon, and that this intensification will have a maximum cH 
overall productivity of the land if the farmer uses his potential ctu 
vated fodder crops to the maximum m order to reduce his 

upon purchased concentrates In Great Bntam, the agricultura ® 

mists claim that there is no evidence of greater milk c - 

grass and grass products Others would differ from this conclu«on, 

nng to ‘so many individual farms where the farmer has achieve 
personal break-through of ceasing to rely on concentrates for iml p 
ductionand of being prepared to let the grass do what it is capable o \ ) 
These latter see a general improvement m this direction and even 
whether dependence on grass is perhaps not being pushed too far 
abihty to grow barley continuously on the same land, the very muc 
higher yields now being obtained, and the general reduction m costs o 
cultivation have all combined to bring the cost of barley down very 
near to the cost of conserved grass products This could mean that, on 
land where cereals may be grown just as easily as grass, there is much 
be said for reduang the dependence on conserved grass for winter use, 
and growing instead a proportion of barley for the purpose The barley 
had the obvious advantage of greater flexibility m use, if a surplus 
should become available, it can easily be marketed, which is not the 
case with silage It may well be possible to stock more heavily and to 
utilize the land more efficiently if there is an area of barley which is not 
nearly so subject to reduction of yield due to drought One could then 
take greater nsks m the matter of pasture acreage per cow umt 

What grass may actually achieve is indicated by the following farm 
100 



Animal Nutrition and Efficiency of Conversion 

statement: standard of production in one particular year was a true 
average (weighted average) for all lactating cows and heifers of 4,377 
litres, with a stocking rate of one stock unit to something less than 0-6 
hectare of forage crop and a concentrate consumption of about 655 kg. 
equivalent to 0’15 kg. of concentrate per litre, this in a district with 
quite serious limitations of rainfall and a relatively long winter. 

‘Production from grass, for either meat or milk, is a two-stage affair. 
First, you grow your grass, then you have the job of converting it into 
the human food product, and no matter how well the first stage of the 
operation is carried through, the whole thing comes to nothing eco- 
nomically if there is a failure to do the second stage of the job efficiently. 
Where conserved grass comes into the picture, it represents a third 
stage, and the loss of nutrients so often involved in conservation may 
also cause serious economic loss.’(*®) 

The production of milk from good pasture in England and the United 
States of America rarely exceeds 16 litres per animal per day, the actual 
amount depending upon the fat content of the milk and the appetite of 
the animals. In East Africa(”) an Ayrshire cow weighing 450 kg. and 
of average appetite could give at least 14 litres of 4 per cent fat, and a 
360 kg. Jersey of average appetite could produce only some 9 litres of 
milk of 5 per cent fat. According to Glover and Dougall, but not con- 
firmed by French, Todd or Rogerson, the available energy, total 
digestible nutrients or starch equivalent inthedrymatterof Kenya pas- 
tures at all stages of growth is remarkably constant. In early stages of 
pasture growth, the available digestible crude protein is present in 
amounts suitable for very lugb milk yields but the available energy is the 
limiting factor. During later stages of growth, crude protein becomes 
increasingly diluted by carbohydrate — ^there is a progressive decrease in 
the amount of available digestible crude protein, and it in turn becomes 
inadequate to sustain the original limited level of productivity. 

At this point of change-over from T.D.N.* to D.C.P.t as the limiting 
factor, there is a narrow zone of pasture composition from which maxi- 
mum production can be obtained with minimum waste. The approxi- 
mate composition of the pasture of this region can be specified simply 
by the crude protein content of its dry matter. Itisnotpossibletodefine 
the level of digestible crude protein in pasture dry matter that is most 
efficient in milk production closer than 11 to 14 per cent, until the feed- 
ing standards in current use can be more accurately reconciled. 

* TJ5.N. = total digestible nutnents. ” 

t D.CJ*. = digestible crude protein. 
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Bovine Reproduction and Management 

More needs to be known about ^^"^hlnpnt'them to eUmi- 
buffaloes m the tropics, and the posab fodder produc- 

natc seasonal peaks of production, ^ trend of livestock per- 
tion and conservation is to be integral Buffaloes in par- 

when these are known and are reasonably , , ons of cattle man- 

, As already suted. under the advisable 
Jagement common m the tropics and ’ juLvlty and nutrient 

tohavealargernumberofammatsofaverageprodumivl^^^ .oc- 

requuements thanasmaller number of animdswitha lyn^P^^^ 

tion potential and nutrient requuements Where t 

coming scarce and eapensive, as is the general pirture at 

tune, It IS better to have mote animals which of ^k per day 

then mamtenance and for hmited production up ^ J 

ftomfarm grown fodders and courages, and fewer mamtam a 

that tequne large quantities of purchased ‘ „ost colU- 

high level of production Up to the age of about ^ pto- 

vated tropical grasses hke Pm, cum mnicmum can J„g, 

tem for the production of about 10 kg of milk per day, 

content limits rmlk output to not more than about 6 kg per 3 
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Dairy DcveloproeDt as Catalyst 

I t is possible to recognize two contrasting and yet complementary 
approaches to dairy development. The one is that of the specialists 
in human nutrition and dairy technology, with some support from 
agriculturists, who, when deciding upon the establishment of a dairy 
project, are concerned only \vith the provision of adequate amounts of 
clean milk and milk products for the local population. The other 
approach is that of the land-use planner and general agriculturist, who 
'should regard dairy farming and dairy development as means to an 
end, the wide objective being an overall intensification of total crop and 
animal production from the land. This intensification is assumed to be 
dependent upon a maximum degree of integration, on the cultivated 
land itself, of crop and animal husbandry. In such a farming system, 
fertility-restoring crops may be grown in rotation with fertility-removing 
crops, and fertilizers may have their maximum effect on the yields of 
food and cash crops grown on soils rich in organic matter, and not ex- 
hausted after d£!cadfi.s nf mnnocultimt The im/u-oved vnrieties of culti- 
vars of all crops may on these enriched soils be able to produce up to 
their new genetic potential. Throughout the tropics the most promising 
form of animal husbandry for this purpose is obviously dairy farming, 
provided that the bovines, be they buffaloes, Zebu, or Zebu x European 
crossbreds, are fed to a sufficient nutritional level on fodder crops grown 
on cultivated land which is well fertilized and to which all the animal 
dung and urine are returned. 

In developing countries it is essential by every possible means to 
achieve increases of total production from the land of 200, 300 or even 
400 per cent to meet the greatly increased demands for food and other 
agricultural products that are to be expected in the coming decades. It 
is postulated for the sake of argument that these large increases may be 
best achieved by what is usually and rather loosely called intensification 
of agriculture. This intensification is frequently made the objective of 
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so-caUed ‘package programmes’, “^“^provS"”^ 

fertilizers, the mlroduction of . r„/financial credit to 

facilities for irrigation, for plant protec i , individual 

producers, and the preparation of ^ nn„o„s directed 

raltivators These measures are . ,1,5 construction' 

towards such things as greater rural el^n markets The term, 

of roads and other means of ™“'^fsort of way. 

diversification of cropping, is also products for 

without indicating whether the objective is a wider range p 

the market, to meet the demands created by >'>gta “ban pu^^^ 
power and changing nutritional tastes, or the adopU 
noppmg systems which are better for the soil, or both 

P^alfel with, but rarely suffiaently related to these deve^ 

the improvements in farming practices, based P ^retted 

premises to which little more than lip service is paid , ,ant/ 

10 m different contests and at different times as the ' 

ammal/man ecological relationship, the ^ Lar and ■ 

cycle, muted farming, alternate husbandry involving the r^ r 
controlled rotation of soil-improving with S'>'>-f=‘b“sbnB P ’ 
the integration of crop and animal husbandry in highly ® products, 
systems involvmg maximum production of plant and P , 

combined with long terra conservation of soil per se, and ol 
or productivity of that soil , .^iraiisted 

One may argue that the application^f fertilizers to soils 
by an age-old system of monoculture, soils that have 
structure and low m orgamcmatter, will not achieve the dwire r 
Those who hold this view, and who may be called old fashionco y 
other school, believe that it is esscnUal to concentrate first on an app 
pnate branch of ammal production Dairy farming m the 
particular type of animal husbandry which may be regarded as a J 
tic force, starting a chain reaction towards real intensification o 
culture and maximum production per umt area of all the foo s 
other items of plant and ammal ongm required by a population w 
IS rapidly increasing m numbers and which is changing its deman s 
food and other products along with general economic progress an 
creased purchasing power It is believed that the maximum response 
fertilizers may be obtained in farming systems based upon full 
tion of crop and ammal (dairy) husbandry This is a question that ca ^ 
for review m relation to the retention of orgamc matter, nitrogen an 
other soil nutrients under wet and dry conditions m the tropics 
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The above views are based upon the thesis that true and maximum 
intensification leading to a well-balanced production of foods of plant 
and animal origin plus cash crops cannot be achieved without full inte- 
gration of crop husbandry and an economic form of animal husbandry 
on the same land. In Asia and the Far East, the form of animal hus- 
bandry that demands the cultivation of fodder crops on arable land and 
the only one which can make that cultivation economic and competitive 
with the return per hectare from food and cash crops is dairy husbandry 
based upon productive livestock. 

Concentration of Effort in Limited Areas 

There are in India, however, a number of projects for the intensifi- 
cation of agriculture that have until now been located and are being 
operated without due consideration of animal husbandry as an integral 
part of the new pattern of land use and production. Yet the only 
places in India where we can expect real intensification of pro- 
duction are in the milk procurement areas around the big dairy 
plants. By concentration of effort in these areas we may create oases of 
intensive forms of agriculture such as have not yet been seen in that 
country. It is rarely possible to spread limited resources of men, money 
and material over large areas, and the concentration of efforts in the 
most potentially profitable zones and enterprises is the correct policy. 
Milk procurement areas provide just these conditions. 

/Intensification in milk procurement areas is based on the following 
factors and practices: Q 

I (a) The cultivation of well-manured and fertilized fodder crops, par- 
ticularly short-term legumes, especially under year-long or 
seasonal irrigation, in rotation with food and cash crops on culti- 
vated land. The role of natural grassland is discussed in Chapter 
V. 

(h) The provision of an adequate number of bovines sufficiently pro- 
ductive to make this cultivation of green or conserved fodder 
economic and competitive in financial return per unit area with 
food and cash crops. 

(c) The removal from the actual milk procurement area of all non- 
productive animals that compete for the fodder resources (dry 
stock, rearing animals, sheep, goats, etc.). 

(d) Full return of dung and urine to the land. 

Even the uneconomic practice of basing the feeding of dairy animals 
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on concentrates may contribute fiO.OOO^tons of 

procurement area around a large dairy “ „ea This 

Lcentrates per year [^ro^^I^yard manure neb 

represents an importation of some 25 , ^ concen- 

m plant (and sod) nutneuts, being the proportion of the 
trates fed that ate not utilized by the animal . form 

A number of factors are related to the g^ant role of 

of agncultural production for which we ®. ^f acceptance 

cataW There L psychological factor^the °^°‘iSandry 

of new farmingsystems and offodder cultivation andanim^husb^^ 

by cultivators long dominated by the cereal ment y ^ 
many technical aids that have to be P' ' t,on and 
proved seeds of authenticated cultivars, water for crop irng 
stock, machinery for better cultivation and .;,„ound of 

These factors must all be considered against the F 
present land use, of competition for ““ "Xeen 

the type of ownership of land and livestock, the distm j,. 

animal husbandman and cultivator, security of tenure to prom 
interest in maintaining producUvity of the farm on a long-te 
which dairy fanmng can so well contribute, the availability 
or credit for investment in the new enterpnse, the manner m 
rents are paid (dauy developWcnt is hampered by share PF 
systems laying stress on a share of the arable crop), the 
farmers to co operative ventures in the production phases, an 
the complex social and religious barriers to efficient developmen 

R H Lush of the Department'of Dairying m the University 01 

nessee believes that too much emphasis may be placed on the 
the belter lands, cultivation of Mdcr crops on the farm, and e 
Nervation and utilization of animal manure are essential 
dairying Looking back on forty years of change in the United Sta e 
America, it may be seen that the better land now goes to food an 
crops, that concentrates and even hay are moved hundreds of miles, a 
that animal manure and even legumes are not effiaently used in mo 
dairying Silage and some pastures are still produced locally An ope 
tor with training in cattle management has been a larger factor in su^ 
cess Even proximity of market has not the sigmficance that it once a 
It may be better to continue the importation of dairy products into , 
countnes that have little of the dairying mentality or facilities for rapi 
development in the future 
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this fundamental aspect should be ^icluLons* onrcahstic 

that the production economists can base their calc 

Agronomic and marketing m the 

product to be provided from a milk factory Milk ^ablv be 

suburban and rural areas around large urban ^ j on 

marketed as liquid milk It may be more costly as it ‘s P« .. 

valuable land, perhaps in competition with vegetables an 

value horticultural crops, and with expensive labour *" 
remote areas the milk will be converted into more readily P 5 
products The cost of production may be less and seasonal Duct 
m supply may be mote acceptable C 

A For a country like India, for example, milk production as p 
regional farming system can be economically justified only if ifi) 
of part of the cultivated land for fodder crops docs not reduce 
fact may increase the overall production of food and cash ^ j 

Ticularly the former, and if {b) it can be shown that fodder 
throu^ productive animals can give the cultivator as many 
acre from the sale of rmlk as he obtains at present from bis wo ^ 
leash crops Under favourable conditions in India— fertile Ian 
ample supplies of irrigation water— there is evidence that both 
requirements may be met 

But It IS very different to sec how the necessary acres of land nmy 
released from the production of the food grains which arc alrea y 
suffiaent to meet the demands of the rising population It is pro a 
already too late to prove on any scale that maximum intensification 
agriculture, and hence maximum economic return of food (or plan 
animal protein) per unit area, may be obtained through maximum in ^ 
gration of crop husbandry and animal husbandry on the same land 
present policy of pouring artificial fertihzcrs on the exhausted sous 
India, poor m structure and low in organic matter, will be followed, wi 
the limited results that may be obtained from this method with ®^°P^ 
other than paddy Apart from the shortage of land for fodder produc 
tion, It IS the chrome inability of the milch animals, the so called cat e 


wealth of India’, to convert the feeds and fodders efficiently into 


milk 


that IS the mam factor limiting the economic development of the m 
dustry The milk that is produced in this mefficient way will become 
progressively more expensive and out of reach of the purchasing power 
of a large section of the commumty 

For his talks with farmers, the extension agronomist needs to be 
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armed with other economic data which are at present not available. 
There is a standard of milk production per animal at which fodder 
production becomes economic and competitive with the food and cash 
crops. This threshold of production is, of course, related to the price 
paid to the producer for his milk, and to other factors. We need to 
know the costs, at different levels of technological advancement of 
farmers, of establishing fodder crops and pastures (especially costs of 
cultivation, fertihzers, manures, seeds, fencing), or of management 
(especially costs of irrigation layouts and water supplies) and of harvest- 
ing. We may not always be correct in saying that it is mote economic to 
grow and feed green or conserved fodder than to purchase concentrates. 
There are indications that this claim is correct up to a certain level of 
intake but we need confirmation in the form of comparative costs of 
kilogrammes of plant protein and for total digestible nutrients from the 
various alternative sources. 

Trials conducted in 1963-4 at the Southern Regional Am’mal Nutri- 
tion Research Station at Bangalore have provided an interesting cost 
comparison between two contrasting systems of feeding dairy animals.* 

(а) Feeding concentrates for maintenance and production, plus crop 
residues ad lib. and only 5 kg. green — cost of feeds only to produce 
1 kg. fat-corrected milk (f.c.m.) = 25 paise (100 paise = 1 rupee). 

(б) Replacing most of the concentrates with protein-rich Para grass 
fed ad lib. plus 1 to 2 kg. straw and 1 to 2 kg. molasses — cost of 
feeds only per kg. f.c.m. ■= 15 paise, or 17 paise with Guinea grass, 
because of higher costs of cultivation. 

Although the costs of production of the grasses have increased some- 
what since 1963-4, the concentrates and crop residues have increased 
to such an extent that the figure under (a) above should now be 50 paise 
per kg. f.c.m. 

The economics of fodder production in terms of inputs and outputs 
must be considered separately for the rural areas, and for the well- 
organized farms, cattle settlements and milk colonies.('^°) In the rural 
areas the surveyor is faced with the illiteracy of the cultivators, the small 
fragmented holding, the absence of records of labour used and costs of 
seeds, manures and fertilizers. With the cultivators’ ignorance of the 
quantitative aspects of their business and a natural reluctance to disclose 
the details to casual inquirers, it is difficult for an economic surveyor to 
obtain reliable information through periodic visits and the filling in of 
questionnaires. This can be done only by taking a random sample of 
* Figures based upon rupee before 1966 devaluation. 
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pnvatelyopeiatedunits and inaintaininBCOst accounts with the helpo 

teamed investigators ivith rccard to interest on m- 

Intormation on costs may be obtained S , than feed 

vestment in livestock and the cost of B incidental costs 

costs), to the construction of building and to t y 

that arise in an efficiently operated P nulk repre- 

studies the percentage of “t' “ "®A,. defined, it becomes 

seated by the initial costs of production “" . "nfi these costs 

possible to recogmzc the weak spoU, and finally utilization of 

to a nummum compatible with efficient pro 
feed converted through efficient animals 

Efficicney of Conversion 

More facts to emphasize the importance of having be 

mats as efficient and economic converters of . non per kg 

obtamed from a comparison of figures of costs of P ate 

milk in relation to annual production of milk per aniro here a 

avadablefromtheexpenmentalfarmatTerbolmtheUbanon^ 

remarkable Holstein herd is maintained under excellent co 

management and nutrition The average production per 

1960 Ini 1961 was 3,704, 5,510 and 6,300 kg per “ ngmS 

The costs of production per hire of milk for annual produ jqj 

from 1,000 to 6,000 kg per animal have been calculated U 


Table 10 


Lebanon Costs of milk production at Terbol, m relation to annual 

milk yields _ 

Annual pcoducUon Cost of production per kg. 

(in litres) 

(m piastres) — - 

1000 

9400 

1,500 

60 33 

2000 

50 60 

2 500 

43 25 

3 000 

3600 

3 500 

32 49 

4000 

29 36 

4500 

27 00 

5 000 

24 90 

5 500 

23 26 

6 000 

21 93 


no 



Economics of Milk Production 

Figures for costs of imported milk are not available for purposes of com- 
parison. It may be estimated that tlie costs of production on an average 
farm in tlie rural areas of the Lebanon would be between 32 and 36 
piastres, considering that the administrative and managerial costs at 
Terbol do not apply. The small farmer should also deduct the value of 
the manure when calculating his costs of production. 

Economics of Dairy Husbandry 

As the promotion of dairy husbandry is a relatively recent develop- 
ment in tropical agriculture, it is not yet possible to present economic 
data on which comparisons may be made and conclusions drawn. It is 
doubtful whether it will ever be possible on more than a limited local 
scale, having regard to the wide varieties of agroclimates, sources and 
types of feeds and fodders, lactation yields of livestock and intensity of 
enterprise in the regions reviewed here. 

Caribbean and Latin America 

One such example of a relatively limited approach is to be found in a 
study(i“) of the economics of milk production in Trinidad, Jamaica and 
Surinam, with reference to six different types of enterprise, three actually 
in existence, three more in the nature of proposals, with estimated 
figures: 

(a) An experimental dairy farm of peasant type, operated by Imperial 
College of Tropical Agn'cnlfure, Trim'dad, from 1949-52. 

(р) An intensive pilot dairy farm in Surinam, for the period of 1958- 
60. 

(с) University of West Indies dairy farm in Trinidad, for the period 
1961-3. 

(d) A recently established pilot dairy farm at Waller Field, Trinidad. 

(e) A medium-size dairy farm in Trinidad (proposed). 

(/) A medium-size dairy farm in Trinidad (proposed). 

The economic characteristics of the various enterprises and different 
parameters are given in Table II. The overall figures given for Surinam 
are actual figures, those for Trinidad have been calculated by the 
author on the basis of data for that island, where salaries and wages, 
price of concentrates and other costs differ from those in Surinam. It is 
possible on the basis of the six actual and theoretical enterprises chosen 
to draw some conclusions regarding size of the units, number of workers 
111 





Economics of Milk Production 


employed per hectare, the relatively high rate of investment per hectare, 
the rate of return from labour and the cost of production of millc. 

Non-mechanized small-scale enterprises based upon stall feeding do 
not appear to be capable of bringing in sufficient revenue for a family, 
nor sufficient interest on the capital invested, unless the milk is subsi- 
dized. Enterprises based on pastures appear to be economically viable, 
provided that at least 8 hectares of good land are available. The produc- 
tion of fodder to be used in intensive dairy production with a sound 
technical basis can provide sufficient income to the farmer in the Carib- 
bean, if the undertakings are of medium size with a large capital invest- 
ment and intensive use of labour. Any other type of fodder production, 
even if intensive and for the feeding of cattle for beef or sheep for mut- 
ton, cannot compare with dairy farming from the economic point of 
view. 


India 

. A project to study and demonstrate the economics of specialized 
dairy farming in comparison with other systems of farming in rural 
areas was started at the National Dairy Research Institute, Karnal, 
Punjab, in October 1962 and is to continue until June 1968. The techni- 
cal programme is as follows: 

Four units of about 7 acres each are to be set up in a contiguous block 
of 10 acres, comprising: 

(a) arable farming unit with one Tharparkar cow, its follower, and 
one bullock; 

{b) specialized dairy farming unit with seven Tharparkar cows, their 
followers and one bullock; 

(c) specialized dairy farming unit with seven Murrah buffaloes, their 
followers and one bullock; and 

(d) mixed farming unit with four Tharparkar cows, their followers 
and one bullock. 

Well-drained, level and fertile land will be obtained, irrigated, ade- 
quately manured and cropped at not less than 200 per cent intensity in 
a system typical of local fanning conditions. 

In the specialized dairy fanning and mixed farming units, all cattle 
feeds and fodders would be grown on the land, none to be purchased 
and none grown for sale. If the quantity should be more than the 
requirement, more milch animals should be introduced. In the mixed 
farming and arable imit, the requirements of the animals should be met 
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by fodder production within the unit, and the rest of the land sh 

used for remunerative crops nr chminated 

Concentrate feeding would be reduced to a minim nroppioS 

If absolutely essential, a small amount may be 
programme, or a gram or cash crop may be grown o p 


cash for 

h crop may oc grovtu •.« r 

the purchase of cake or bran manure that 

re produced in each unit will be used to 

unit None will be purchased from ouUide The iid^lition q 


of fertilizers will be met by the purchase of be used 

One bullock will be maintained in each unit, but buUocKs 
m pairs for field operations One man will be employed m eacn 
additional casual labour as required onalvsed 

The fodders grown in the different units will be chcmiw y 
Higji yielding animals from the locality will be intro uk , ^ 

animal that shows a fall in yield will be removed and rep 

other Calves at heel and followers up to 20 per cent will be m 

m each umt All calves will be kept up to weaning, say 6 dJO -emain' 
thereafter selected female calves will be reared to maturity, the ^ 
der bemg sold and their value recorded against their 
attempt wiU be made to wean calves as early as possible All 
will be tested for tuberculosis, brucellosis and other diseases a g 
mtervals and any affected animals will be removed and replaced 
As far as possible animals ate to obtain most of their feed 
mg with stall feedmg to be adopted supplementary to grazing or u 
the off season In the speciahzcd dairy farming umts strip grazing 
ammals with electric fencing will be encouraged 

Natural service or artificial msemmation through bulls of goo p 
gree will be arranged 

Soil samples will be taken for analysis of the cumulative effec s 
each type of fannmg m terms of available NKPCa, etc , at the en 
each year , 

Detailed records of cost of cultivation of crops and the milk un 
butterfat are to be mamtamed for each umt separately, and the follow 
mg miscellaneous records are to be maintained 

(а) milk production, 

(б) cultivation and manurmg of crops, 

(c) feedmg of ammals, 

(d) stable operations 

Various items of expenditure and mcome m respect of all four bold* 
mgs for the year 1964-5 are given m Table 12 It will be seen that m 
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respect of total income, total expenditure and net annual income, the 
four holdings came in the following descending order: 

(1) dairy farming (cows) ; 

(2) mixed farming (cows); 

(3) dairy farming (buffaloes); 

(4) arable farming (single cow). 

It will be seen that the dairy farming unit again gave highest net income, 
whereas the arable unit which was bracketed with it in the previous year 
gave lowest net return in 1964-5. The mixed farming unit stands second 
in respect of net income, but its arable portion was observed to be com- 
paratively less remunerative than the dairy farming part. There are 
certain reasons which may explain the comparatively low net income 
from the arable unit. Although the dairy farming (buffalo) unit showed 
enhanced profits in 1964-5, it could not compete with the cow unit be- 
cause the daily average milk yield was only 4T kg. as compared to 
7-2 kg. with the cows. The low milk yield in the buffalo unit is partly 
due to the fact that two buffaloes ceased their lactation abruptly after 
the death of their calves, a trouble which arises due to their maternal 
instinct. Past experience has shown that such buffaloes, which have a 
long dry period and less drain on their body reserves, make up the 
deficiency in one lactation by good production in the next lactation. 

The carrying capacity of the land in each of the three units was in- 
variably more than one animal per acre, even after growing concen- 
trates in each. Because of this, the number of animals in the dairy farm- 
ing unit will be increased proportionately, whereas in the mixed farming 
unit the area under fodder would be reduced. 


While a pair of bullocks would generally be sufficient for an area of 
15 acres under double cropping, an additional pair of bullocks or even 
limited use of a tractor would make the exploitation of land more 
efficient, particularly in erratic monsoon seasons. 

The yield obtained from various crops grown in the different holdings 
was generally above the standards of local farming. It can be demon- 
strated to the farmer that fodder crops of superior quality may be grown at 


a much cheaper cost and utilized efficiently by good quality milch animals 


to produce abundant quantities of milk at low cost. Although the fertility 


of the land assigned to the dairy farm units (cow and buffalo) appeared to 
be raised following the application of greater quantities of farmyard 
manure and the inclusion of a greater acreage of leguminous fodder 
crops in their cropping programme, it is nevertheless difficult to make a 


sound comparison since fertility is governed by so many different factors. 
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It is, of course, important not to The final 

of one year’s results, or even on the ^ ^ awaited with great 

results at the end of the experimcrit in 19 ^ considering 

interest. One must introduce a word of caution, h 

comparisons of farming systems on the asi review 

system. Finney and Panikkarf) drew attenUon to jcaR 

of the results of an earlier senes of compansons arrange y 
between mixed farming and other types of agnculturc. 


Table 12 

India. Expenditure and income (in rupees) in 

Specialized dairy farming scheme, Kamal, Punjab C 


EXPENDITURE ■ 

Items 

Arable 

Famuog 

(Cow) 

Dairy 

Farming 

(Cows) 

Dairy 

Farming 

(Buffalo) 

Farming 

CCO'iVS)_ 

1. Feed 

(1) Dry fodder (previous 
balance) 

Cu) Concentrates (purchased) 

2. Farm operations 

3. Kecuntng expenditure 

4. Depreciation on animals 

5. Depreciation on farm and 

dairy equipment 

6. Labour on stable operations 

18 30 
9225 
1655 80 
94445 
16000 

61 75 
85 30 

103 75 
1748 90 
1358 25 
537 80 
112000 

110-40 
672 10 

123 80 
110025 
1564 75 
505 75 

115 55 
614 30 

57-30 
96225 
1319 80 
664 20 
61000 

90 05 
388 65 

Total 3017 85 

5651 20 

4024 40 

4122^ 


INCOMB 


1. Sale of crop and crop residues 

(i) Dry fodder 95 85 

(lO Green fodder 1546^)0 

(ui) Concentrates — 

(iv) Other crops 2919 85 

2. Balance of crops and crop 

residues on 1 7 1965 125 SO 

3. Sale value of 

(i)Milk 58660 

(u)Calf — 

(uO Hides, etc. — 

4. M^ure (m balance) 9-00 

Total 5282 80 

Net mcome 2264 95 

Income per ammal/acre/year 323 56 


131 80 
1022 30 

180 25 

51 SO 
828 65 

243-00 

287 40 

919 10 

347-90 

928-05 

654 90 

9760 70 

6090 65 

581265 

25 00 

20-00 

18-00 

11530-70 
5879 50 
839 93 

7506 35 
3481 95 
497 42 

8285 10 
4162 85 
594 69 
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Taman 

Some indication of the economic feasibility of adding dairying to 
farms m Northern Taiwan having some dryland suitable for growing 
fodder crops may be gained from a field survey of dairy farms and 
crops farms in Yuan Mei Township of Taoyuan Prefecture, conducted 
m 1959 by S C HsiehandY T Wang of the Rural Economics Division 
of the Joint Commission on Rural Reconstruction A total of sixteen 
crop farms with comparable amounts of arable land, eight of which had 
dairy enterprises and eight without, were selected The farms were simi- 
lar m most respects, except for hvestock numbers and investments in the 
dairy enterprise (Table 13) 


Table 13 


Tai\\an Land, labour, livestock and capital investment of 16 crop 
farms with and without dairy enterprises — 1959 



Avekace per Farm 

Item 

8 Farms 

8 Farms 


without Dairymg 

with Dairymg 

Cultivated land (hectares) 

226 

2 43 

Family size (persons) 

11 0 

110 

Farm workers (man equivalent) 

27 

28 

Livestock raised 

1 0 

09 

CatUe— head 

10 

09 

Hogs — head 

68 

95 

Poultry— head 

610 

72 0 

Dairy cows — head 

0 

28 

Buildmgs and implements NT? 
Fixed capital mvestment m dairy 

15117 

20 686 

enterprise (mainly cows, special 
buildmgs and equipment) NT? 

— 

53 383 


The fann with dairying had shghtly more hogs, poultry and investment m buildmgs 
and implements m addition to the investment m the dairy enterprise The annual 
production costs per dairy cow mcluding labour, feeds purchased and home grown, 
medicines and depreciation on dairy cows and buildmgs was NT$ 10 518 The barn- 
yard manure produced was worth NT$ l,136and thevalueofacalf produced averaged 
NT? 411 or a total for by products of NT? 1,547, leavmg a net production cost of 
NT? 8,971 

The comparison of economic factors on these farms shown in Table 
14 indicates that substantially more total as well as cash farm mcome 
was obtamed on the farms that diversified with a dairy enteipnse The 
total input and cash input were greater on the dairy farms because of 
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the heavy investment required 5 ^ tatafiSh returns put 

tional buildmgs and equipment, eve . . jj gg ns compared to 

doUar cash input «ere nearly 30 per fertilizer was used 

31 , 49 , on the farm without a dairy “‘‘T"® ’ However, about 21 
and less hired labour employed on the and fanuly labour was 

per cent more labour was used on the dairy farms and lanuiy 

better utilized throughout the year. 


v.eencropfar^ 


Table U 

Taman. Compamon ofinpal-antpal relalSo^hip ‘el" «« a 

wilii and wilhoul dairy eiU erprisa—li'an. J 

Crop Farm winioijr 


Dairy 



Total income 

Crop pioducuoa 
Livesto^ production 
Dairy production* 

Cash income: 

Crop production 
Livestock production 
Milk production 


Total (A) 


Total CB) 


42,230 


7,966 
11, OSS 


100 

100 


19,054 100 


Total input: 


11,969 


Working capital 

14,257 


Fixed capital (0ow service) 



Total (C) 

27,583 

iiAi 

Cash mput CD) 

12,749 

100 


Self-supplied 

1,223 



4,577 


Total 

5,800 

100 


Home-grown 

2,929 

100 

Purchased 

4,287 


Total 

7^16 

100 

Labour: 

Self-supplied 

8,540 

100 

Hired 

3,429 


Total 

11,969 

100 

Total income/Total input A/C 

149 


Cash mcome/Cash mput B/D 

149 



8,269 

12,563 

20,010 

40.842 

14,268 

36,145 

6,737 

57,150 

21,630 

2,208 

3,918 

6,126 

14,319 

13,690 

28,009 

11,265 

3,003 

14,268 

145 

189 


214 

119 

254 

496 

207 

170 

181 

86 

106 

489 

319 

388 

132 

88 

119 


* Including milk, production of calves and increased 
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Since large amounts of barnyard manure were produced by cows on 
the dairy farms, more compost manures were used. Even though an 
average of 215 kg. or one-third less commercial fertilizer was used on 
the dairy farm, yields of paddy rice are 20 per cent greater (Table 15), 
and these results are likely to be cumulative as time goes on. Forage 
crops play an important role in the dairy enterprise. On some of the 
farms on which they are included in the crop rotation, additional in- 
creases in crop yields can be expected in future from the beneficial 
effects of the aditional organic matter and nitrogen supplied. 

Table 15 

Taiwan. Yield of paddy rice and use of fertilizer on farms with 
and without dairy enterprisesi^^) 


Average per Farm 

Item 8 farms 8 Farms 

Without Dairying With Dairying 


Yield of paddy rice per crop kg/ha 

3,031 

3,626 

Fertilizer used: 

Chemical fertilizer kg/ha 

653 

439 

Compost manures kg/ha 

1,966 

5,373 

1.356 

Total value NT$ 

1,466 

Percentage distribution of fertilizer used: 

Chemical fertilizers 

89 

65 

Compost manures 

11 

35 


Australia — New South Wales 

Real possibilities for doubling or trebling pasture productivity can 
be seen in the region known as the North Coast of New South Wales, 
a borderline zone between temperate and subtropical conditions. 
Swain(^*®) has described the actions taken and now being recommended 
to dairy farmers in the area, and has analysed the costs and returns in- 
volved in this development. Butter production in the region in 1963 was 
about 60 per cent of the total for New South Wales and 14 per cent of 
the total Commonwealth production. The region also produced 14 per 
cent of the State total of beef and veal, and had 31 per cent of the State 
total of breeding sows. However, in the North Coast portion surveyed 
in 1958-9, 16 out of 61 sample farmers had a net cash income of £A800 
per annum, and in 1960 the number of registered dairies had fallen to 
81 per cent of the 1939 total, and number of cows to 84 per cent of the 
1939 Icvcl.C®* ’) The North Coast Agricultural Research Council sum- 
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manzed the problem as follows restncted pasture production, inability 
of naturally occumng speaes to meet the requirements of the ammals, 
widespread deficiemy of mtrogen m grass-dominant pastures, and the 
unprofitabihty of importmg expensive feed on the farm 

Following the Richmond-Tweed pasture research programme, it be- 
came possible from 1961 onwards to propose new fanning systems 
These were based on a combination of the most promising tropical and 
temperate species to provide a continuity of feed throughout the year — 
a ‘feed year’ or pasture and fodder calendar geared to a temperate winter 
and a subtropical summer (see Fig 4) 

Two major utihzation studies were designed to compare two manage- 
ment systems (1) a control representing typical nmmproved distnct 
farming practice in which spring calved cows were grazed on the sum- 
mer growing grass-dominant pastures alone at a cow per 0 8 hectare, 
and (2) a new system where ^ per cent of the property was developed 
with the three feed-year species, Glycine javantca, vetch and subter- 
ranean clover, m approximately a 1 1 1 ratio , cows were calved m early 
summer and the stocking rate has been increased to a cow per 0 7 
hectare The production from the cows under the new system increased 
by 70 per cent (Table 16) Figure 5(a) shows the production gams which 
were obtamed from only one third of the improved areas required m 
the complete plan for three commercial farms — the production increases 
of 38, 24 and 22 per cent respectively are regarded as very encouraging 
Figure 5(b) shows that there has been a large increase m the amount of 
forage available on these properties due to the mtroducUon of the 
improved species 

Broad estimates of costs and returns for one of the commercial farm 
case studies are given in Table 17 When the plan is fully implemented, 
extra costs of about £A545 will be incurred each year, allowing for de- 
preciation and interest on additional machinery, costs of pasture main- 
tenance and annual sowings of vetch The budget m Table 17 assumes 
a 20 per cent increase m rate of stocking and 97 kg butterfat per cow 
which Would result in a net income of £A6iS per year— regarded 
as a conservative expectation These results apply to the red basaltic 
soils On the chocolate and alluvial soils, increased cash surpluses of 
about £A1,000 per farm per year are predicted New studies at WoUong- 
bar will investigate these types of fully developed pasture systems under 
high Slocking rates with dairy cows Theoretical estimates based oa 
pasture yield and animal requirements mdicate that a system of this type 
should produce 270 kg butterfat per hectare — a great advance on the 
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present North Coast average which ranges from 22 to 112 kg. per hec- 
tare Credit problems have still to be resolved, but bankers now have 
some tangible criteria on which to base their loans. 


Table 16 


New South Wales. Feed year production^ WoUongbar, 1963-4. 
Butterfat production of control and new system group cows 



Control 

New System 

Number of cows 

12 

14 

Days m milk 

255 

267 

Butterfat (kg ) 



per group 

913 

1,539 

per cow 

76 

no 

per hectare 

91 

154 


Table 17 

New South Wales Analysts of net income gams using assumed 
production response. Farm No. 3 — Red basaltic soil commercial 
farm case study — Father's property 


Year 

Actual or 
assumed 
farm 
produc- 
tion, 
butterfat 

Value of 
added pro- 
duction over 
base penod 

Outlays 

for 

develop- 

ment 

Income 
gam 
or loss 

Income 
gam or loss 
corrected 
for tax 

Overdraft 
or Credit 
balance for 
project* 


kg 

£A 

£A 

£A 

£A 

£A 

1962-3 

3,188 

—34 

426 

—160 

—400 

—111 

1963^ 

4,221 

+462 

714 

—252 

—212 

-653 

1964-5 

5,040 

+850 

764 

+86 

+ 72 

-618 

1965-6 

5,670 

+1,160 

613 

+547 

+407 

—236 

1966-7 

5,670 

+ 1,160 

545 

+615 

+455 

+220 

1967-8 

5,600 

+1,160 

545 

+615 

+455 

+718 


* Cumulative balance from year to year with interest added at 6 per cent on 
average amount outstandmg durmg year. 

t £A = Australian pound Twenty>five shillings Australian equals twenty shillings 
or one pound sterling, but from February 1966 SAIOO £A50 » £40 sterling 
=» USS112 
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Chapter XI 

SYSTEMS OF BOVINE HUSBANDRY 


Tbfe The Principal Categories 

M any types and standards of agranan structure and fanning 
systems are to be found m tropical and subtropical latitudes, 
but It may be said that the methods of keepmg dauy animals 
fall mto one of the followmg categones: 

(a) The cowkeeper m urban and suburban areas who keeps his 
pnirpnls jn shcds With no land attached, who purchases all his 
fodder and who keeps cows or buffaloes only while they are m 
milk. 

(6) The milk colomes and cattle settlements contaimng thousands of 
ammals removed from urban and suburban areas to hygienic con- 
ditions and good standards of management 

(c) Milk producers m rural areas who each maintain up to five am- 
mals as an inadental adjunct or an mtegral part of their farming 
enterprise, with the production of food and cash crops as the 
primary activity 

(d) Speaahst dairy farmers m rural districts who use their land 
pnmanly for pasture and fodder production, and 

(e) Rural dairy farms operated by government m regions where no 
tradition of dairy farming already exists 
For hygiemc milk production, the urban sheds of tropical aties are 
quite unsuitable This type of dairying frequently depends upon the 
purchase of the belter stock from rural areas, to be milked out and then 
sold for slaughter This system represents a serious dram on the breeding 
areas In addition, the bad bousing conditions m most urban dairies are 
conducive to the spread of diseases transnuttable to man, such as tuber- 
culosis and brucellosis Daines situated outside the suburban limits of 
large cities, if operated on correct fanes, should be an objective which is 
logical and economic 

Hans Pedersen of FAO discussed questions relating to methods (h) 
and (c) above with special reference to India, at the XVIth International 
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Dairy Congress in Copenhagen in September 1962. He stated that Aarey 
Milk Colony near Bombay was designed to take a considerable con- 
centration of milch animals from the city area, but with insufficient land 
for an integrated farming policy. With the exception of green fodder 
from Para grass grown at the Colony, all the feeds, fodders and hays 
have to be purchased. The disposal of manure is a major problem, but 
the Railway Board has granted a 50 per cent concession for freight up 
to 480 km. from Bombay. With an additional subsidy from Bombay 
Milk Scheme, the manure will not cost more than Rs. 9 per ton at the 
destination railway station. 

An area of 3,600 acres would be necessary to provide 15,000 milking 
animals giving 2,500 litres per lactation (the dry animals are taken to 
the Dry Stock Farm at Palghat) with 30 kg. green fodder per day, as- 
suming yields of 50,000 kg. per acre green per annum. The actual acre- 
age of Para grass at the Colony is very much less, but the amount of 
concentrates fed for maintenance and production is three times the 
amount generally recommended. The situation at Madhavaram Milk 
Colony (Madras) is similar. Most of the green fodder is being purchased 
from the Municipal Sewage Farm near by, and all the concentrates 
and dry fodders are being purchased from outside. The disposal of 
manure is again a problem. Haringhata, near Calcutta, is in a different 
category — a cattle settlement involving a certain integration of animal 
husbandry and agriculture. There is enough cultivated land to grow 
much of the green fodder required, and the area is being progressively 
increased; full and effective use of the manure is possible within the 
unit itself. 

Although both these systems are successful and although the colony 
or settlement plan may be the most practicable under certain conditions, 
they do involve ‘the loss of the dairy cattle as a key factor in a highly 
complex, interdependent and balanced system of integration of soil, 
crop, animal and man which, in the western world, has resulted in an 
ever-increasing standard of agricultural and animal productivity as well 
as of human nutrition.’ Milk colonies and in particular cattle settlements 
should not be entirely condemned, but should be regarded as a means 
to an end, generally not the end itself. The choice is between the short- 
cut they represent, and the slow and complex integration of dairy farm- 
ing into the traditional rural life and agrarian structure. 
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Fio. 4. New South Wales — Feed Year, WoUoogbar. Seasonal distribu- 
tion of dry-matter yields of Paspalum, Glycine ja\anica, subterraneM 
dovcr and vetch. Yields based on a mean of small plot ^ta, 1952-61. 



Fio. 5a. Buttcrfat production of herds on three red basaltic soil com- 
mcnaal farm case studies, 1963-4 lactation. 
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FATHERS’ HELLYAR’S ARTHUR’S 

Fig. 5b. Dry matter production of natural grass pasture, alone, and in 
association with a tropical legume, Glycine javanica, on three red basaltic 
soil commercial farm case studies. 
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Bnial Dairy Fann 


One way of starting this radical e:MenM of dLy 

and subtropics where rural communiUes P 

husbandry in the modem meaning of the f 

Dairy Farms to be operated by Government Department ot 

X— nTwSrsriem:!^^^^ 

farms would also provide advice and demonstrations to m 
Xe milk societies in their area, in addition to ” 

and/or faahties for artifiaal mseminauon. and ^ ^y? 

material of fodder crops and equipment on loan ^ “J. 

malong and the mnung of the mgredients of concentrate feeds 

“a Rural Dairy Farm may be 100 aaes or more “ s®'* 
or mostly imgable, with well-designed cowsheds made of lo^y 
able maUnal set at a level above the grass fields in order to , 

flow of the cowshed wash by gravity to nearby fields of Para gr^ . 
example The rale of stocbng per aae (all stall-fed) on newly ™ 
land might commence at two milking animals and nse steadily to go 

rates when the soil fertility IS budt up 

Let us gi\ e a concrete example of production and canymg capaaiy 
such a farm m Onssa, after the imtial period of establishment is ove , 
m a region where the major Afncan fodder grasses, Gumea, Napier^ ^ 
the Napier x finger millet hybnd and Para {Pamcum maximum, re^ 
nisetum purpureum x P typhoides, and Brachiaria muticd) 
grown Other umts may be designed for different conditions and differ 
ent sources of feeds and fodders 

0) Area 100 acres, made up of 

80 acres imgaled percnmal fodder grasses 
10 acres seasonal fodder like maize, sorghum, berseem, 
lucerne (as annual) 

10 anes buildings, roads, etc 

01) Grass Production Tons 

SO tons green per acre on 80 acres 4,000 
10 tons green per acre on 10 acres 100 
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(iii) Number of animals which would be maintained assuming a daily 
requirement of 30 or 40 kg. of green fodder, or an annual require- 
ment of 12,000 and 16,000 kg. respectively. 


4,100,000 

12,000 

4,100,000 

16,000 


= 350 animals or 3-5 per acre. 

= approx. 250 animals or 2-5 per acre. 


When the production of green grass per acre increases above the 
figures used in (ii) above, the number of animals per acre will also 
increase, up to five or more. 

Young stock up to a certain age would be kept at the farm, but the 
dry animals and older young stock up to age of calving would be main- 
tained on a dry stock farm within reasonable distance of the main farm. 
In this way would be developed a focus for dairy development in all its 
aspects in rural areas where there is already no experience in this de- 
manding type of animal husbandry, plus a production centre from which 
may be obtained a steady flow of milk for a plant within collecting 
ra^us. 


Farm Flaimiog 

In designing new or deciding to maintain indigenous systems of bovine 
husbandry for economic milk production, it is necessary to remember, 
as argued elsewhere, that the feeding of productive dairy cattle in the 
tropics is likely to be increasingly in stalls. Grazing of artificial stands of 
grass and/or legume is good nsitber for the animats nor the pasture. 
Even in the ‘grassy’ environments of Great Britain and New Zealand, 
it is now debatable whether zero grazing is not going to be the system 
of the future. It is quite inconceivable that 40 per cent of the large yields 
of herbage obtainable in the tropics should be lost by trampling of the 
grazing animal or by poisoning with its droppings of dung and mine. 

At the other extreme, there are still people who consider that it is 
technically and economically feasible to produce milk on range land or 
natural tropical grasslands and pastures, as will be seen in some of the 
Country Studies. It is only relatively recently in India that it has been 
realized that the village pastures and natural grazing or hay lands are 
of only very secondary importance in the production of milk. 

The great need in the developing countries is for farm plaiming de- 
signed to incorporate dairy husbandry of an appropriate level of intensi- 
fication with older farming systems which lacked the components of 
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animal husbandry and fodder production In India there have been 
major developments m imgation, but insuffiaent follow up in advising 
cultivators how they may change their farming systems and crops to 
utilize the water fully and to show how well dairy farming would fit 
into the new farming plans Town mayors in Japan have expressed the 
urgent need for speaahsts in planmng small famung units for dairy 
production to visit the farmers m their mumcipahties, so that they may 
be put on the right hnes from the start Those who have attacked the 
nee mentahty of south east Asia and the Far East, which dominates so 
much thought, research, extension and pohcies of human nutntion, are 
greatly encouraged by the figures for Taiwan given in Tables 13, 14 and 
15 Tbs shows the results of incorporating dairy farming with its part- 
ner, fodder production, mto formerly monocultural umts Farm plan- 
mng has for years been given great siguficance m Southern Rhodesia 
The results m Figures 6 and 7 show the effect of major adjustments m 
the planmng of a maize/cattle farm near Salisbury Although the data 
relate to the production of beef, they ought also apply to a change from 
the extensive type of cattle husbandry to economic dairy farming, with 
certain further refinements, and provided there is a good market for 
milk and/or dairy produce 

It IS not intended to indicate that these four examples are in any way 
comparable, except m showing that the redesigmng of farm enterprises 
IS an essential part of dairy development wherever it is undertaken, and 
that the officers who axe to assist farmers m this planning should have a 
rather special type of training and experience 
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2,000-ACRE maize FARM 
Maize and S-year^oId Slaughter Stock 


1 

Arable 
750 acres 


Maize Green crop 

375 acres 375 acres 

J 


Grain Stover 

5,625 bags Winter roughage 
60 head 

SO-SS-month-olds 


Purchased Veld 

feeds 1,250 acres 


Grazing Grazing 

60 head 60 head 

6-18-month-olds 18~30-month-olds 


Beef production 


Age, 

months 

Weight 

lb. 

Daily feed 

6 

400 \ 

Veld grazing + stover 

12 

500 J 

’ 1 + 2-lb. cubes 

18 

6501 

fVcld grazing 

J Veld grazing stoves 

24 

750/ 

' 1 + 3-lb. cubes 

|.Veid grazing 

Stover + 4-lb. cubes 

30 

36 

9001 

1,000/ 


Dressing 525 lb. C.D.W. S.T.D.A. at 155/- 
per 100 lb. 


Gross return £40 Oj. Od. per head 


Requirements £ s. d, 

Weaner 14 0 0 

Interest @ 6% for 2i years 2 2 0 

1st winter supplement 
300-lb. cubes 3 15 0 

Interest @ 6 % for li years 6 9 
2nd winter supplement 
450'lb. cubes 5 12 0 

Interest @6% for 1 year 6 9 
3rd winter supplement 
480-Ib. cubes 6 0 0 

Dip 2i years @ 5/- P.A. 12 6 
Dosing inoculation and vet 5 0 
Fencing: 8*5 miles 8/- 
P.H.P.A. 10 0 

Water; 2 points 8/- 
P.H.P.A. 1 0 0 

Labour: 2 men 16/- 
P.H.P.A. 2 0 0 

Total 37 0 0 


ANNUAL RETURN FROM BEEF 3 X 60« £180 


Fio. 6. The effect of a change in farming practice on a maize-beef cattle 
farm near Salisbury, Southern Rhodesia, before repl annin g. 
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2,oooacre maize farm 

M&ize and 2-year-o!d Slaughter Stock 


Arable 
750 acres 


Veld 

acres 

Winter grazing 
225 bead 

6-12*moDth-old3 


i i P 

Maize Pasture Legume 

375 acres 225 acres 1 50 aaes 

Summer graziog Winter proton 
225 bead I 

12-l&*moDth-olds 


Gram Stover 225 head 

5,625 bags Wmter rougha^ 12-18 monlh-olds l&- 24 -month 
225 head 
12-18-moath-oId3 


Sales 

4,490 bags 


Stock feed 
1,135 bags 


Beef production 


Ate, Weight, 
months lb 
6 400\ 

12 500j 


18 


800\ 


Requirements 
Wcancr 

Interest @ 6% for li years 
1st winter supplement li 
tons 

Interest @6% fori year 
^ge 

Summer graziog 
2nd winter supplement 2 
tons silage 
S bags maize meal 
18 lb urea 

Dip li years @ 5/- P-A. 
Dosing tnoculauon and \et 
Fcncmg 10 miles 4/2 P H. 
VJi. 

Water 2pomts3/6PH. 

Interest on summ^ grazing 
for 1 year 

Labour 2 men 7/6 PJL 
PJLPj^. 

Total 

ANNUAL RETURN FROM BEEF 12 X 225= £2,700 


& S dL 
14 0 0 


Daily feed 
Veld gr ayin g 4- 20 lb 
legume silage 
> Pasture graziog 
I Stover 4- 40 lb legume 

I silage + 101b maize 
meal + 3 oz. urea 

Dressmg 525 lb C.D W R.B at 180/- per 
1001b 

Cross return SAl Or Od per head 


1 5 0 
1 19 0 


2 12 
7 10 
7 
7 
2 


6 4 


Fio 7. The effect of a change m farmmg practice on a maize-becf cattle 
farm near Salisbury, Southern Rhodesia, with new CToppmg system- 

130 



Chapter XII 


DAIRY DEVELOPMENT: COUNTRY 
STUDIES 


Selection of Coootrics in Four Major Regions 

T he selection of countries in the four major regions has been based 
primarily upon such information as was available. The omission 
of any particular country should not be taken as a reflection on 
conditions in that country, but rather as an indication of difficulty in 
finding sufficient data in the short time available. More data should be 
available from the Caribbean and Latin America, particularly with 
reference to Jamaica. Africa south of the Sahara has only recently come 
into the dairy development picture. It is hoped to extend the geographi- 
cal scope of the Country Studies in a subsequent edition. 

As stated elsewhere, the developing countries (in which category 
Japan should not now be included) covered in this section represent a 
good cross-section of conditions outside the truly temperate regions 
where milk production is an established part of agriculture (Table 1). 
Most of the conditions described are tropical and subtropical; there are 
departures from this classification in respect of high altitude areas in 
the tropics, or of countries in the semi-arid Near East, where summers 
are subtropical and irrigation is essential, or of Japan with its alternation 
of general climate between sub-arctic and subtropical within a complex 
microclimatic pattern. 'Where possible, the essential meteorological data 
are given, even if this makes the section somewhat unbalanced as be- 
tween one country and another. It would be desirable and correct to 
give these data for all countries. 


MEDITERRANEAN AND NEAR EAST 
TUNISIA 

An FAO/TJNICEF Mission visited Tunisia in January 1963 to study 
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th= development and orgamzauon of the da.ry 

whole, to estimate the potential production from cows =h“P E» . 
und to consider the problems which have to °”“'^7n th= 

ment is to be achieved (“) The Mission studied the situauon m ^ 
three zones into which Tumsia is usually divided. f 
situated to the north of the Ime Kef-Hammamet, th« 
between thatline andSbeitla-Mahdia. and thezone of the Oases situat 

“me North, which contains 50 per cent of the population of Tumsia, 
was first considered to have the potentiahty to meet its own requit 
meats, and also to provide feeds and fodder for the 
located m the other zones This idea of transporting fodder from tn 
North to the Centre and the South has been abandoned, however, 
cause of the high cost of transport, which makes the fodder unit m 
expensive than the same umt produced under imgation in ‘*1° 
perimeters in the Centre and South The fodder economy of the uase 
depends pnmanly upon imgated fodder (mainly lucerne) and upo 
spineless cactus grown dry m areas down to 100 mm rainfall mo 
used as a reserve for s umm er and periods of severe drought The use o 
fodder grown m the North can be justified only during periods of ex- 
treme himger, and then only for some weeks, otherwise the cost o 
feeding can quickly exceed the capital value of the sheep 
The great diversity of the Tunisian climate (Table 18) and the wi c 
variations m rainfall, as well as its vanable geographical distnbuUon, 
are the cause of considerable fluctuations m milk production from one 
season to another, and m different years Because the ecological con 
tions are not ideal for the production of cow milk, the high-yiel g 
dairy herds must be limited to the areas best adapted to such a type o 
animal husbandry, and must be m charge of qualified personnel But t e 
ecological condiUons are not the only factors hmiUng dairy production , 
the question of markets is also very important In the extreme 
the areas around Sedjenane, Djcbel Abiod and Tabarka have excellen 
ecological conditions for dairy production, but they are too far from 
markets to be of any promise In addition, these areas are very un- 
developed, the farmers are at a low technical level, and it is planned to 
concentrate on beef production Intensive dairy production must be 
localized m the immediate vicuuty of large centres of population, such 
as Turns, Bizerta, Sousse, Sfax, etc Elsewhere, dairy animals will be 
bred m a semi-extensive way, crossing Brown Atias with Tarentaise and 
MontbeUard cattle 
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Table 18 

Tunisia. Climatic records for two stations in Tunis milk procurement area 
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♦ The Veraet and Gaussoi map gives 440 mm. for Tunis. 








Dairy Development Country Studies 

The Mission concludes that it is not possible and never will be pos- 
sible to produce cow milk at average world prices This is parUculariy 
so m the Centre and South In the North, there arc certain regions whicn 
could well be developed for milk production Much of the area is a 
present devoted to a cereal monoculture governed by export markets 
and a characteristic agrarian structure In the new irrigated project o 
the lower Medjerda valley the formation of co-operatives and the intro- 
duction of new rotations is considered to be particularly suitable for o 
development of a dairy industry 

It IS necessary to apply the agncultural entena in a more precise an 
cntical manner The chief areas of potential fodder production are the 
fallow lands in the cereal monoculture, and the irngatcd land of the 
lower Medjerda It is necessary to map the 900,000 hectares of fallow 
on a rainfall basis, since it is this that governs the extent to which it is 
possible to break this age-old system by the introduction of foddcrcrops 
The new schemes for rotations in relation to rainfall have been defined 
as follows in the 10 year development plan Le Houerou(®‘) does not 
fully accept these schemes, considenng that there is not enough fodder 
m (a) and (6), nor enough cultivated fallow m (h) and (c) The propor- 
tions of the area north of the line Hammamet-L« Kef m the different 
rainfall regimes are, according to the Vemet and Gaussen rainfall map 

Per cent 

Below 400 mm 10 

From 400 to 500 mm 60 to 70 

More than 500 mm 20 to 30 

(fl) More than 500 mm rainfall 

Wheat, barley or oals/fodder or hoed (sarcl6) legume crops, e g 
horsebeans, chickpeas, peas, etc 
(6) From 400 to 500 mm 

Wheat, barley, oats or foddcr/cultivated fallow or hoed legumes 

(c) From 350 to 400 mm 
Same as (6) 

(d) Less than 350 mm. 

Wheat or barley/cultivated fallow 

The following five-year rotation, therefore, has also been recom- 
mended for the zone below 400 mm wheat/2 year temporary pasture/ 
wheat/worked fallow The seeds mixture for the temporary pasture may 
be sown m the cereal crop m the spring, so that it may become estab- 
lished at the late Apnl/May rams and recommence active growth with 
the first rams of September 
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If the fallow lands could be mapped, we would have a good idea of 
the potential area per annum of cultivated fodder crops. The fodder 
acreage could be one-half or one-third of the total cultivated area in 
rainfall zone (a), one-quarter of the total cultivated area in zone (6), and 
two-fifths of the cultivated area in zones (c) and (d). Taking these 
theoretical figures for acreages of cultivated fodders (which would not 
by any means be easy to achieve), and calculating the average annual 
yield of green and dry matter from the annual and perennial fodder and 
pasture plants that are adopted, it would be possible to estimate the 
total number of livestock (for milk, rearing, etc.) that could be main- 
tained. One may find the proportion within that total livestock figure 
that would be represented by cows in milk. In order to make fodder 
production economic and sufficiently competitive with other crops, it 
would be necessary to have cows wiffi a milk yield per lactation or per 
year characteristic of European breeds. 

The project for the lower Medjerda valley is planned to embrace ulti- 
mately some 30,000 hectares, but development has slowed down at the 
10,000 hectare level until the problems related to the salinity of the 
irrigation water have been solved. It seems feasible to consider that 
fodder crops will be grown only under natural rainfed conditions during 
the winter season. The most that may be hoped for is that annual fodder 
crops may be grown on one-fifth to one-quarter of the area of 10,000 
hectares, namely 2,000 to 2,500 hectares. 

No matter how good is the fodder that is produced, it will be essential 
to feed high-protein concentrates to the high-producing European 
breeds that are to be maintained under good management on the best 
lands. At present it does not appear that many of the essential ingredi- 
ents are produced within the country (apart from a small increase in the 
cotton acreage). The supplementary feeds being considered are im- 
ported linseed cake, and home-grown horsebeans and field peas. The 
proposal of the FAO/UNICEF Mission to set up a centre for the indus- 
trial production and conservation of fodder, including lucerne meal, 
would seem to be a doubtful practical and economic proposition — much 
better for each farmer to plan his own fodder conservation on the basis 
of the conditions and particularly the variability of his own environ- 
ment. In order to economize on imported concentrates, it would appear 
to be desirable to base the higher-producing more efficient dairy in- 
dustry on a large number of animals of average production rather than 
on a smaller number of high-producing animals that need large amounts 
of concentrates for the greater part of the production ration. 
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Ths number of ammnls of different types in Tumsm is 
19forthepresenttime. 1964 and ISTO-The-mporU of dairy producer 
given in Table 20 for the penod 1955-61. To these should be adden 
^encan gifts of powdered milh to the amounts (in metric to"® “ 
years 1957^0 inclusive), of 1,209, 806, 467 and 959 respective^. The 
imports of butter and cheese in 1960 and 1961 represent the tomi pr° 
ducuon from about 7,200 and 8,000 cows in milk yielding ui 
per year at 3*5 per cent fat, 

Taole 19 

Tunisia Structure and composition of the livestock population 


Type of animal 

1962 

1964 

Dairy cattle 

500 

5,000 

Dual purpose cattle 

— 


Beef cattle 

— 

— 

Unimproved 

280,500 

80.000 

Working oxen 

100,000 

100,000 

Horses, mules, donkeys 

125,000 

125,000 

Sheep 

1,030.000 

1,900.000 

Goats 

1,000,000 

600 000 

Poultry 

3,000,000 

4,000,000 


25.000 

81.000 

50,000 

20,000 

100,000 

2,320,000 

600,000 

6,000,000 


Table 20 

Tunisia Imports of Dairy Products 



1960 

Mclnc 

tons 

Expressed as 
kg milk 

1961 

Metnc 

tons 

Expressed as 
kg. milk 

Butter 

Cheese 

615 3 
1,035 6 

14,767,200 

10,356,000 

693-0 

1,143 4 

16.632.000 

11.434.000 


In conclusion it should be stated that it is unwise to base a review of 
the dairy potential upon considerations of a broad national or even 
regional basis It is first necessary to know the precise location of exist- 
ing or planned milk plants, collection points and chilling centres, and 
then to map the procurement areas with the radius acceptable for eco- 
nomic collection All further agncultural calculations and extension 
efforts should be concentrated withm these areas, as it is only there that 
one can talk to the farmers m the language they know, the economic 
return m htres and dinars per hectare in relation to those obtained from 
other types of farming 
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GREECE 

The various types of degraded vegetation in Greece that go under the 
name of natural hill and mountain pastures are suitable only for sheep 
and goats. Adjacent to many villages is an area of grass/legume pasture 
on land that is generally too wet or otherwise unsuitable for cultivation. 
On these village pastures the pressure of stock is so great that they can 
be regarded as providing only relatively poor grazing for dry cows and 
young dairy stock on a rather low level of nutrition. Again we find that 
productive dairy animals must rely on cultivated fodders or perhaps 
sown pasture areas on dry and irrigated land, integrated into the crop- 
ping system. 

The farmers of Greece have long practised the cereal/fallow system 
of monoculture characteristic of the Mediterranean region. It is known 
that legumes for grain or fodder may be grown in the fallow year 
wherever the annual winter rainfall is favourable. A whole range of 
annual legumes is available, from peas at the higher rainfall limits to 
Ervum lens for grain at the lower. LucemeP“) and berseem grow well 
under irrigation. Some years ago it was thought that there was a marked 
trend towards these and other types of improved rotations, but this be- 
came replaced by the continuous cultivation of wheat combined with 
applications of fertilizers to make up for the absence of the fallow year. 

It is obvious that what is needed is an economic return from the 
legume fodder year, and it is this incentive that dairy development can 
provide. It is Government policy to promote a change in cropping, par- 
ticularly from wheat which in recent years has covered more than 40 per 
cent of the land under annual crops, to a more diversified mixed farming 
system incorporating fodder crops and more livestock. Intensification 
of production in the plains depends primarily on a large expansion of 
the area under irrigation. Areas with experience in livestock production 
such as Thessaly, Thrace and Macedonia are selected for development. 

Subsidies are given for the cultivation of fodder crops, particularly 
legumes. The importation of improved cattle has progressed at the rate 
of about 2,000 per year, partly for production, partly for crossing with 
the low-yielding indigenous cattle. 

The FAO/UNICEF Mission that investigated dairy development in 
June/July 1960 reported that the industry was being given an important 
place in the plans of the Ministry of Agriculture.(^“) After completion 
of the general scheme, tire Minist^ negotiates with co-operatives of live- 
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stock farmers regarding the estabhshi^nt of a nulk ptot 

cultural Bank studies the project with regard to 

and other factors Dunng the current 10-year period 1960-70, ninete 

milk plants are tentaUvely planned with the 

to 10.000 litres per day. The FAO/UNIC^ Mission P 

ticularly concerned with Patras, Drama-Kavalla, Serres and 

with dady throughputs of 30.000 to 50.000 htres per day. 

In general, it was found that the farmers are well able to cany out 
tcchmques of a tradiuonal form of ammal husbandry, but tnai me 
was: 

(а) a tendency for uncontrolled cross-breeding; 

(б) a need to modify current management pracUces, particulaxiy 

regard to better housing or the construction of yards; and 

(c) an apparent tendency to feed for cheapness rather than pro u 
tion, owing to the hmited market for milk j r rs 

There is a need to achieve efficient conversion of feeds and fo c 
into milk and meat through a correlation between production an ^ 
intake, and to apply the milk recording scheme estabhsbcd at 
to the procurement areas of all eustmg and proposed milk planW 
arrangement whereby concentrate feeds are supplied through 
operatives or the Agricultural Bank is hi^y commendable and sho 
be extended to roughages such as lucerne bay so that the farmers ^y 
benefit from the lower prices rcsultmg from bulk purchase and marke - 
mg 


Table 21 


Greece Cows, milk yields and milk production 
(Cow miUc represents one third of total production) 


Category of cows 

Number 

Milk yield 
per bead 
kg. 

Milk 

production 

tons 

Indigenous 

234,700 

400 

107,900 

Improved indigenous 

73,300 

940 

68,900 

Imported of unproved breeds 

134,100 

2,750 

93,700 


The FAO/UNICEF report on Greece analyses the situation at each 
of the four centres mdividually and provides much of the data upon 
which an assessment of actual and potcnUal production mi^t be made 
Possibly after the mcentive has been provided by the estabhshment of 
milk plants, it will be found that the chief limiting factor to a rapid 
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increase in production will be the small average size of farm holdings 
(3 hectares) and their fragmented nature, a difficult size and type of unit 
in which to practise alternate husbandry. 

TURKEY 

In its control of the agricultural policy and production, the Govern- 
ment has in the past given more stimulus to crop than to livestock pro- 
duction, because crops are the chief source of export earnings and a 
greater production of some erops such as sugar has led to savings in 
import expenditures. An expansion of dairying would bring little benefit 
in these directions because most of any adffitional output would go into 
domestic consumption. The FAO Background Report on economic 
aspects of dairying(“) makes the point that priority to dairying would 
have to be based on the argument that general benefits would be ex- 
pected from the development of a more balanced and efficient agricul- 
ture, the raising of standards of human nutrition and consequently the 
stimulation of national output of goods and services generally. 

Cows and buffaloes together produce about 65 per cent of the total 
milk supply, but milk yields per cow per annum have remained very low 
at 500 kg. By 1975, it is planned that the numbers of livestock will have 
reached a stable figure, apart from the nine million head of ordinary 
goats, which it is planned to reduce. The trend has been in the direction 
of increase of cattle numbers rather than towards liigher average yields 
per animal. This leads to even greater competition for limited feed 
resources and overgrazing of the natural grasslands, so that the problem 
of underfeeding increases and the low yields become still lower. 

The objectives should be to improve the incentives offered to farmers, 
to provide the required feed and fodder basis for greater production 
and to improve the efficiency of that production. Much of the oilcake 
that is produced in Turkey is exported for foreign exchange (Table 22). 
Turkish farmers cannot obtain concentrates at reasonable prices, and 
therefore cannot afford to feed them to their low-production aninmls. 

If more feeding stuffs could be made available locally through co- 
operatives or similar sources, there would be an incentive to keep better 
cows. 

Economic feeding demands, however, that the main basis of nutrition 
should be green and conserved fodder plants grown in rotation with 
the major food and cash crops. For this purpose we must distinguish 
between the climate of the eastern mountainous region (Erzurum, Kars), 
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Table 22 


Turkey Exports of Fodder (tnihousand tons) 


1957 1958 


Oilseed cake and meal 58 4 
Brans 


113 8 
101 


1959 

1960 

1961 

1347 

45 5 

1371 

38 6 

142*9 

231 


the continental ‘Iiano-Turaman’ climate of the AnatoUan platcM 
(Ankara) and the ‘Mediterranean* climate of the western an ^ 

regions (Istanbul and Izmir) comparable to the conditions in e 
sites discussed above , 

The distribution of milk production in these three ccologica r ^ 

and the Black Sea Coast (Mediterranean environment) is roughly 



Per cent 

Eastern Mountains 

35 4 

Anatohan Plateau 

24 1 

Western and southern coastal 

22 2 

Black Sea Coast 

18 3 


It has been 5uggested(**) that, when economic and practicable, t 
grazing of improved pastures should be adopted as part of any 
ment programme for increasing milk yields, that more oats should e 
fed as straw m winter to release wheat straw for beddmg, and that more 
cotton seed should be fed to buffaloes where they represent a substanti 
proportion of the imlch animals 

As far as sown dryland pastures m the plateau are concerned, the 
severe contmental climatic conditions would limit these to the typo 
sown m the western range of the Umted Slates of Amenca It is under- 
stood that successful pasture sowmgs have been made in the central 
part of Anatoha, including Konya area, with species of Agropyron, 
Bromus, Festuca, alfalfa, sainfoin, etc 
The Government has now started feedmg demonstrations on pnvate 
farms m twenty provinces The Government provides the concentrate 
feeds, the fanners provide the lucerne or sainfoin hay or other rough" 
ages Feeding rations are devised for the indigenous Turkish breeds of 
cattle (1,700 ammals m all), which are found to give three tunes the 
average yield of milk under this improved standard of nutrition An 
economic factor is the high cost of transport of concentrate from the 
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areas of production in the winter rainfall environment of the south and 
west to the Plateaux and eastern mountainous regions. 

The Government has approved a dairy production law, which allows 
for the establishment of the new milk plants (with international and 
bilateral assistance) which are essential if the necessary incentive of 
regular and reliable markets is to be provided. To support this effort, 
eight feed-mixing plants have been established in Izmir, Bandirma, 
Ankara, Erzurum, Konya and other centres. 

The period covered by the present Five-Year Plan of the Government 
of Turkey is 1963-7. The budget for investment in agricultural develop- 
ment for this period is 1 1-3 milliard Turkish lire, excluding 123-8 million 
T.L. for agricultural education. The percentage breakdown of the 
larger sum is as follows; 


Irrigation 

Per cent 
45-3 

Agricultural equipment 

15-0 

Land improvement 

6-1 

Forestry 

8-8 

Livestock 

4-2 

Fisheries 

2-6 

Other purposes 

18-0 


The third item, laud improvement, includes among other things, 
range and fodder development, soil conservation, drainage, etc., 
amounting to 1-5 per cent of the total. 

By 1967 it is planned that the eight feed-mixing plants in operation 
in 1963 shall be increased to ten, and that the annual production will 
increase from 18,000 to 26,000 tons in 1963 to 88,000 to 150,000 tons in 
1967, part still for export, part for domestic consumption depending 
upon the demand from the livestock industry. The total production of 
concentrates (cakes, grains and bran) was 3,600,000 tons in 1962; this is 
planned to increase to 6,167,000 tons by 1967. It is at the same time 
plarmed to reduce the area of summer fallow and to grow more legumes 
in rotation. To support this and pasture development generally, there 
has been a great increase in the amount of seed produced of lucerne, 
korunga (sainfoin) and other legumes and grasses, from 75 tons in 1953, 
to 1,300 tons in 1963, with a target of 3,550 tons in 1967. The ten centres 
in 1963 for the multiplication of original seed will increase to twenty-five 
by the end of the Plan period; farmers will provide further multiplica- 
tion of certified seed. The amounts of fertilizers used on pastures and 
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fodder crops wiU increase from 10.600 tons m oTsub- 

1967, there wiU be an attempt to assist farmers by P ° extension 
sidies Some 150 green fodder silos were bnilt in 1963 un 
projects, and 78 research projects on range pastnres “d 
have been condncted Everythmg possible is. therefore, g 
improve the feed and fodder basis of the hvestock mdustry 

LEBANON 

Those areas that supply hquid milk to Beuut present a 
which other less developed areas appear to be progressmg, 
popnlaUon of high produang cows, dependent largely '’P° 
trates and other purchased feed because cultivated fodder p „ 
compete, m the farmers’ opinion, with the high value cash 
area The culUvators keep the cattle to provide manure for tne^ 6^^ 
table and fruit crops (the manure bemg a highly concentrate p 
with a minimum of straw, selling for 1 5 to 2 piastres per g ^ 
hlUe or no fodder crops, and sometimes have a httle spring gr 
lected from odd comers Apart from this they use maize suage is 
4 piastres per kg- dehveted) and concentrates 
Althou^ there is a marked scataty of fresh milk in the cen 
population, the milk producers do not have a reliable market, an 
of them have a tendency to reduce their cattle numbers to a ^ 

This paradoxical situation is due to defiaenaes m the system of 
mg, to adulteration and to competition from imported powdere 
of 2 5 per cent fat content- ^ ^ 

The FAO/UNICEF Mission that visited Ubanon in February/Mar 
1962, found it to be extremely difficult to arrive at even an approx 
estimate of the bovine population It is not considered an ^ 

tion to assume that there arc 30 000 milch cows m the Lebanon 
Mission calculates a total production of 100,000 metric tons of muk ^ 
annum at 3,500 kg per ammal, but this does not make allowanw <5^ 
dry cows and young stock- The dairy herds are based on imported Ho 
stems from the Netherlands, crossed m vatymg degrees with the lo 
red Baladi or with the Damascus It is apparently rare to find an animi“ 
that yields less per lactauon of 8 or 10 months than 4,000 kg- nulk (see 
Table 10) It is considered regrettable that the local Baladi and Damascus 
races arc lending lo disappear eimcpt m the far north of Lebanon, p^' 
Ucularly as these well adapted ammnU will be required for further 
crossmgs. 
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UNITED ARAB REPUBLIC 

There are considerable seasonal variations in the supply of milk in 
the UAR, due, primarily, to the fact that berseem and lucerne are 
available only in the season of winter rainfall. During the agricultural 
reform in the UAR, large farms were divided into units with a maxi- 
mum area of 100 acres, and this has contributed to a decline in total crop 
and animal production. Later the Government stimulated an increase of 
co-operative management among producers, with the result that there 
are signs of an increase in agricultural production. Any increase in milk 
production, however, is seriously limited, due to sharp competition with 
the meat industry. Increased purchasing power of the worker which 
followed the industrialization of the area between Cairo and Alexandria 
has led to a great increase in the demand for meat, the price of which has 
doubled or quadrupled. Thus a shift from milk to meat production has 
taken place. An attempt to encourage milk production by raising the 
price paid to the producer, with a seasonal fluctuation, has not yet 
increased production sufficiently to meet the continuously growing de- 
mand of the urban populations. The retail price of pasteurized milk in 
Cairo and Alexandria has not changed since 1956. 

SYRIA 

The semi-arid zone of dryland farming in northern Syria, in which is 
the city of Aleppo, is, according to the FAO/UNESCOAVMO agro- 
climatology study,!®®) bounded on the north by the more humid foothill 
zone (500 to 800 m. elevation), and on the south by the arid steppes of 
Syria, in which is the city of Damascus. The semi-arid zone around 
Aleppo has a continental climate (cold winter and hot summer); the 
highest monthly precipitation falls in December, but the total amount 
of rainfall fluctuates widely from year to year. The temperatures of the 
moderate winters remain at a mean min imum below 3“ C. for two to 
three months; from March onwards the rise in mean temperatures is 
very rapid (more than 4*5® C. per month). Mean annual precipitation (at 
Aleppo = 400 mm.) is variable (250 to 500 mm.); the inter-annual vari- 
ability of precipitation is high in the vicinity of the arid zone and falls 
rapidly as one approaches the mountains. The regular rainy season at 
Aleppo begins in late October/early November, and finishes at the end 
of April. The calculated annual evapotranspiration (ETP) values gener- 
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aUy Us bstweea 1,300 and 1.450 mm to 1^*1 

tuLeUcal need of ETP from the beginmng of Nove>nbe J tl^ 

Apnl, for aU ram falUng in wmter is stored “d^n 

(although part of the precipitaUon is lost through ^ ’ whereby 

mg up and down the slope and to the land tenure 

fLL own long narrow stnps of land that extend from the vauey 

the crest of the hill) - ..ocnn of 200 to 

The mean maximum temperature of the summe ^ 

250 days (sums of temperature exceeding 15" C range > 

2,400" C -lower in Aleppo than m the east) nse ^ j^round 

to four months The relative air humidity ^ P ^ western 

Aleppo The ETP values for July m Aleppo are 240 ^ ^te 
part of the Fertile Crescent m which Aleppo is sit^ted 
similar to that of the Zagros vaUeys, south-eastern Turkey, «-yF 
the San Joaquin Valley m California sod 

The soils m the Aleppo area belong to the Red -pjje 

group or Terra Rossa Soils of the Steppe type occur fa^e 
Terra Rossa soils are not very subject to wmd erosion when p 6“ 
sods of the Steppe type (Jezira area) are subject to wind ^ 

Agriculture is based on the wmter cereal/fallow croppmg y^ 
locahues where the mean preapitation is over 240 to 270 

Syrian Government has passed a law prohibitmg ploughing o n ^ 

m all areas receiving less than an average of 200 mm. Maps we 
pared and distributed to Government offices concerned, sho 
hne beyond which ploughing should not be permitted Much range ^ 
has been destroyed by those who gamble on the ram by 
margmal land Winter- and spimg sown gram legumes are mtro 
mto the rotaUon m the more humid areas 

Spnng/summer dryland crops such as cotton and water nie o ^ 
grown m the Aleppo area if sprmg rams are abundant m the faUow y 
The land is clean fallowed m the wmter, and if moisture conditio 
spring are favourable, one of these crops is planted Imgation m ^ 
Aleppo milk procurement area is limi ted, and the cow populaticm 
and around the aty is small To provide for the planned capaciy^ 
20,000 hires per day for the Covemment/UNICEF dairy 
will be necessary to develop dairy farming m imgated areas at a gre 
distance from the city, and to transport the milk from chiUmg ce° 
Imgated fodder crops would mclude lucerne, maize, sorghum, . 
grass, annual wmter ccreal/lcgume mixtures, imgated pastures to 
shallow soils), annual wmtCT fodder legumes may be mcluded m 
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rotation on dryland areas, receiving over 400 nun. average rainfall for 
hay or spring grazing, but yields are too low to form a basis for dairy 
farming (about 5 tons green matter per hectare). 

The characteristics of the climate around Damascus also limit the 
possible development of a profitable dairy industry to the irrigated 
lands. The FAO/UNESCO/WMO agroclimatology survey classifies 
the area within the arid zones of the Syrian steppe. The region is char- 
acterized by an arid and continental climate, generally moderate 
winters, and summers varying from very hot to extremely hot. During 
the winters, the mean minimum temperatures remain below 3° C. for 
1'5 to 3 months, below 10° C. for 2 to 3 months, and rise very rapidly 
in spring (about 5° C. per month). The mean annual precipitation gener- 
ally lies between 100 and 250 mm. The regular rainy season is from 
early December to late March. The relative air humidity is less than 
75 per cent during the winter months and falls rapidly from March on- 
wards. The annual evapotranspiration (ETP) values are 1,400 to 1,700 
mm., but monthly precipitation never covers ETP. 

The summer season begins towards mid-March and lasts more than 
200 days until early November. The elevation being about 700 m., the 
maximum temperatures in Damascus are generally below 35° C. The 
relative air humidity is below 20 per cent at midday for more than 5 
months. Areas with relatively similar climates are found in the southern 
part of the San Joaquin Valley in California for the whole year, while 
the summer climate is to be found on the high plateaux of Iran (Yazd). 

According to the Statistical Abstracts for Syria of 1958, the irrigated 
areas comprise 600,000 hectares, of which 98,000 hectares are in the 
Mohafaza of Damascus and 145,000 hectares in the Mohafaza of 
Aleppo. Assuming that one-quarter or one-fifth of these areas might 
ultimately be devoted to fodder crops, these fed in the green or con- 
served state plus the arable crop residues should provide a good basis 
for an efficient and economic dairy industry. The present standards of 
animal nutrition and management in these irrigated areas are extremely 
low, and there is the problem of bilhaizia (Research at the Laboratoire 
National de I’Elevage at Dakar has shown that there certainly exists a 
relationship between human bilharziosis {Sc/iislosomum curasomi) and 
bovine bilharziosis, at least in Senegal, and that the intermediate hosts 
in stagnant water may be destroyed with chemical products of the 
zirame type.) One would hope that the high-quality fodders combined 
with residues of arable crops would provide all the maintenance rations 
and the initial kilogrammes of milk production, over and above which 
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,t would be necessary to feed concentrates 

exports Its cotton seed and cereals for foreign S 

animals starve r ^ Hinrv cattle, 

A certam amount of agncultural by-products is fed 
espenaUy in the Damascus oasis (imgatcd 
Concentrates used are barley, gram legumes (Kic , 

salivus, Enum erulm), cotton seed cake, beet pulp, w , ^ler 

fodder IS given to dairy cows in this area m late 2“*“™ ^ „,o) 

(kicia salna mainly), sprmg (TrifoEwn dexandnnum, 
and summer (AMiengo sama. Zea mays) In the late 
summer, green fodder is even wasted on some farms, wnse . ^00 
hay of part of the excess green fodder m this penod of pea g 

would be hi ghl y recommended, the hay to be used m peno o ^ 

of green feed, m calf reanng and to help mcurmg digestive s 

Fodder crops m this area of mtensive agriculture are 
under orchards, m rotation with vegetables, hemp and w ea . 
crops are often grazed, the ammals bemg tethered and ^ ^ 

to graze the succulent parts, stems and weeds Productivity ot 
minous fodder crops could be increase by the use of phospba ^ 
hzers Although farmers generally feed some ^ „ Q„e 

before the animals are turned out to graze on legummous fodder 
cases of bloat are quite frequent, often resultmg m the loss of the a 
Although fodder crops are grown and concentrates fed m the Da 
cus area, information needs to be given to the farmers on the ^ 

of these feeds m a well balanced ration based on needs and produ 
levels of the cows Poor management is reflected especially m the ^ 
rate of mortality among new bom calves, which is estimated to 
tween 20 and 50 per cent, a major reason is malnutntion, and 
the practice of not separatmg the calves from the mothers at 
(salmonellosis infection) Process towards more efficient 
nomic production may be achieved when farmers become r 

the menu of growing green fodder crops They will not regard fod 
crops as competitive with their food and cash crops m economic 
per hectare until they have animals with a level of production capa c 
of givmg a good return on the mvestment mvolved in the practice o 
alternate husbandry or mixed fa rmin g. 

The production aspects of dairy development have been stated y 
A. E, Charpcnticrf”), his summary of the present position and possib c 
treads u quoted. 

*Thc ikiclopmcnt of agriculture m the Syrian Region has been 
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remaikable during the last ten years, especially \vith regard to the pro- 
duction of cotton and sugar beets. The more intensive the cultivation 
of crops becomes, the more attention must be paid to soil conservation 
and maintenance. In order to secure good yields also in the future, 
rotation of crops with, for example, legumes and cultivated pastures has 
to be practised by farmers. The farmer has then to consider what kind of 
livestock he would prefer for utilizing the foods. He may favour the 
idea of keeping dairy cows because by selling milk he would receive 
cash money regularly throughout the year and not only, for example, 
at the time of harvest. Thus, he and his family’s everyday life would be- 
come more comfortable and a basis would exist for the raising of the 
living standard of the family. 

‘The fundamental purpose of livestock on farms is generally con- 
sidered as the transformation of plant products into more desirable 
forms of food for human consumption. That type of livestock which 
can utilize the largest yielding crops and return the greatest proportion 
of the nutrients in the form of human food is the most efficient. The 
dairy cow has proved to be the most efficient farm animal. In the first 
place, cows excel in the use of roughage, especially in the form of 
alfalfa, clover and corn silage, which yield larger amounts of digestible 
nutrients per hectare than concentrated feeds such as wheat, barley and 
oats. In the second place, milk produced from 100 kg. of digestible 
nutrients contains more edible food solids than any other livestock pro- 
duct. Further, the dairy cow produces during its lifetime up to ten 
calves, and when finally slaughtered it represents an additional value 
in meat and by-products. 

‘The direct usefulness of dairy cattle in maintaining soil fertility is 
also very considerable. An average dairy cow produces about loi-15 
tons of manure a year, which contains a great deal of the nitrogen, 
phosphorus and potassium from the feeds. 

‘The more intensive agriculture becomes, the more economical will be 
the keeping of dairy cows in comparison to the keeping of other kinds 
of livestock. This is the case on an increasing number of farms, especially 
in the western parts of tlie country. In the semi-desert area, however, 
sheep will prevail until irrigation is started and cultivation improved. 

In fact, it has been recommended recently that in this area on the present 
degraded pastures the density of animals should be considerably 
reduced. Lack of sufficient precipitation prevents the development of 
pastures for cattle in the major part of the country, excluding the rela- 
tively narrow coastal area and the northern provinces. 
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■To encourage farmers of the western part of tedits 

dairymg, it is necessary to facihtate the obtaming S 
for farm improvement and purchase of cattle and p services, 
assistance through adequately trained S, ,Btro- 

‘The question as to which foreign breed wonld be ^^Me to im 
ducuon into the Synan Region has aroused much “ the 

the chmatic conditions m Syna are by no means unusumiy . ^ 
problem is not so much the question of the breed bnt rather tha 
to improve management, feeding and anunal disease control, in p 
status of which does not give even the indigenous bree ^ ^ foreien 
show what they are worth It will be advantageous to inipo 
breeds, for example, Red Danish, Fnesian or Brown Swiss, m g. 
improve local cattle, excluding the Damascus breed, ^ -^per 

breeding, but success can be achieved in this connection only P 
management is introduced from the beginning animal 

‘The Damascus cow has proved to be an excellent mimng 
even under prevaihng management conditions which are often a 
Unfortunately there are today only a few thousand ammals le 
can be considered pure Damascus Everything possible should t ® ^ 

be done to preserve this well-adapted breed and to improve it t ^ 
selertion With production control combined with extension 
started on key farms as planned, it would become possible within 
years to obtain sufficient basic knowledge regarding the relatio 
tween good care and feeding on one side and growth, developmen 
structure and production on the other, and to find suitable speexme » 
especially bulls, for the further development of this breed ^ 

‘If the production of cow milk could be gradually mcreased three o 
from what it is now during the next five years, and sixfold witl^ 
period up to 1980 when it is estimated that the population of the Syn 
Region will have reached six milhoo, a basis for more favorable wn 
sumption levels would exist This would mean that by 1965 the / 
average production of cow milk would be about 1 million kg » and y 
1980 about 2 miUion kg The first quantity could be obtained fro 
200,000 cows produemg 5 kg of milk per day as an average, the secon 
from 250,000 cows with an average daily production of 8 kg At presen 
only about 100,000 head are consiifered dairy cows, but the total num 
ber of cows is about 300,000 Thus m order to reach the quantities m 
question, it would not be necessary to increase the present number o 
cows but to improve the produebon of individual ammals to the above- 
menuoned levels This prmciplc should rule every producer who wishes 
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to improve the economy of his farm, providing he is prepared to intro- 
duce better breeding and feeding methods, take better care especially 
of calves and heifers, and practise proper milk hygiene. It is evident, as 
mentioned before, that farmers will pay much more attention to these 
problems once a safe market for milk with reasonable prices becomes 
available. The necessity of clean milk handling will also be remembered 
when payment for milk is based on quality.’ 

At present, part of the milk and milk-products consumed in the 
country is derived from imported powdered milk. For example, it is 
claimed that the private dairy pasteurization plant uses up to 50 per cent 
of powdered mil k in its products. Through better feeding and manage- 
ment, selective breeding of the good types and upgrading of the Damas- 
cus breed, and the use of foreign breeds, the productivity of the dairy 
farms and mixed farms could be increased and the price of milk reduced. 
In the Damascus milk procurement area, there are about 10,000 dairy 
cows (about 6,000 milking cows, 2,000 to 3,000 heifers and 1,000 to 
2,000 calves). Of these, 2,000 to 3,000 are considered to be pure Damas- 
cus, the remainder being foreign breeds, crossbreds and nondescript. 

In the plans for the agricultural utilization of the 200,000 hectares 
which will be irrigated in the first phase of the Euphrates irrigation pro- 
ject, consideration is given to mixed farming in at least part of the area. 
Sheep would be introduced under this mixed farming concept (for ghee, 
meat) and in a later stage, dairy cattle may possibly be introduced on a 
gradually increasing scale. 


JORDAN 

A study of dairying and dairy development in Jordan was made in 
1958-9.(“) E. Siegenthaler states that the livestock population in 1957 
was: cattle, 64,000; goats, 540,000; sheep, 453,000; but that the nmnbers 
of sheep and goats in particular were seriously aflected by seasonal 
droughts in the desert areas. It is true that the Bedouin are more inter- 
ested in large flocks than well-fed ones. Cattle in Jordan are of the native 
Baladi and Shamiyeh (Damascus) breeds, and there are also imported 
Holstein animals and various random crossbreds. Apart from a few 
well-managed dairy farms with high producing cows, the average milk 
yield of cows is about l-S to 2 litres per day for a lactation of 6 to 8 
months. Exact figures of local production of milk and dairy products 
are not available. It is estimated that the annual production of milk is 
about 35,000 to 40,000 tons, about 65 per cent of it coming from goats 
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and sheep It is concluded that Jordan cannot ‘“-“^ssbas 

sufficiency m milk and milk products ‘ Jcoaety to 

been made through the activities ..^-eniMntal 

1961,26FnesianheifersweremttoducedmtotheSociety s p 

Farm near Jencho, and numbers have now increased to 
catUe The land on this farm and on that of pnvate 
parts of Iordan Valley is now being grown to lucerne as fod 
cattle m place of the former and now less economic crops oi v g 
On the Experunental Farm at Jencho, the ammals ate fed in y 
no ammal has so far been lost through illness There are n 
thousands of Fnesians of Dutch or English ongin m Jor an, p 
ably producing sufficient milk for the higher income groups 
Imports for the years 1957-S were as follows 

1957 1958 


Tons 


Preserved milk and cream 

2,549 

1,790 

Fresh salted butter 

2,099 

1,584 

Melted butter or butter oil 

178 

352 

Cheese 

224 

280 


Seasonal fluctuations m production are very pronounced 
of the milk comes from sheep and goats These ammals are m 
only about three months each year The pnces of milk and milk p 
ducts therefore fluctuate widely 


IRAQ 

Baghdad hes m the and zone of Central Iraq, an area represented 
by an extensive alluvial plain with a gentle slope, at an altitude of e 
than 200 m. above sea level Cropped areas are situated on 
of the Rivers Tlgns and Euphrates According to the FAO/UNES / 
WMO agrochmatology study,(“) the cbmatc is and and highly con 
tmcntal, with mild winters and extremely hot summers The mean mint 
mum temperature m January is about 12® C , the mean temperatures 
higher than 10® C. nse rapidly from January onwards (more than 3 
per month) and from March onwards increase more or less regul^ y 
by about 5® C per month The weak and vanable mean annual preapt 
tation seldom exceeds 200 mm with an inter annual vanability of 52 pef 
cent. The regular rainy season begins in late December and continues 
for 90 to 1 30 days unUl March The rclaUve air humidity remains abo^ c 
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50 per cent from April to May and does not generally fall below 30 per 
cent during this period. The evapotranspiration (ETP) values are from 
1,700 to 2,000 mm. and at Baghdad reach 280 mm. in July. There is 
considerable risk of hot winds and dust storms, particularly from 
February to May, and in July ; at Baghdad this risk appears to be greater 
in winter (two days per month). The summer season begins in the second 
half of February or early March and ends in early December (250 to 300 
days). There are 150 days with mean maximum temperatures exceeding 
35° C. and more than 100 days when these temperatures exceed 40° C. 
The sum of temperatures above 15° C. for the season is more than 
3,000° C. 

Agriculture is still of the extensive type, but dependent upon irriga- 
tion. Ninety per cent of the sown lands is under winter cereals (wheat 
and barley) and some legumes (beans); 10 per cent of the total area is 
sown to summer crops such as cotton, sorghum and rice. Irrigated date 
palms are important, while fruit trees and crops of lucerne are found 
in certain areas. The very high summer temperatures militate against 
the cultivation of annual species and call for intensive irrigation, thus 
creating major problems of drainage and salinity. Large parts of the 
lower Mesopotamian plain have become saline during the millenia since 
the practice of irrigation began, due to high evapotranspiration in the 
summer and a high groundwater table. Studies on drainage have been 
undertaken and completed for certain areas, but the execution of drain- 
age works on a large scale is still lacking. Following the completion of 
two dams in tributaries of the Tigris River, more irrigation water is 
becoming available for summer crops in areas irrigated from the Tigris. 

An expansion of the acreage annually under summer crops would 
have to be combined with the provision of adequate drainage in order 
to avoid further salinization of land which is at present still non-saline. 
The same may be said regarding possible intensification of cropping 
during the cool season. The widespread two-year cereal/fallow rotation 
could be replaced by a more intensive cropping pattern, introducing an 
annual winter fodder crop into the rotation. Such an intensification of 
irrigated winter cropping, whereby the fallow is at least partly abolished, 
would, however, hasten salinization unless an adequate drainage system 
is provided.!*'’) 

The Meskawi variety of bcrsecra (XrifoUum alcxandriuum) is well 
adapted as an annual winter legume to be grown in rotation wiUt cereals 
in the irrigated areas of the Mesopotamian plain. Sowing would have 
to be done quite early (late September/early October) in order to have 
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om cut before the onset of cold weather m 
nigjit frosts and cold weather may retard growth m 

a^but aboutfive cuts yieldmg about 60 tons grcenmW 

can usually be obtamed At present, there is only , „ 1 a^vely larger 

this crop The area under lucerne centres of 

but Its culUvaUon is restncted to the vi^ty o ^ gates 
population, espeaally around Baghdad It is often ff Uahter nver 
Ld m other orchards, not on heavy nver basm sods 
levee sods As around Baghdad the crop has to jga 

crops such as vegetables, the green lucerne is sold for hi^ p 
market Harvestmg demands much labour , the crop is cu y 
m small bundles and sold per bundle In recent years, . fof 

pletion of good trunk roads leading to the aty, there is a 
Its cultivation to extend farther away from Baghdad- cattle and 

Lucerne is the mam green fodder used for feedmg of e uarleV 
buffiiloes concentrated in and neat Bagjidad In spring, . jjjgy 

5ilso cut and carted to the city, or the first growth of imgated 
be grazed, after which it is left to produce gram J^Occa- 

fields of barley are rented to buflalo owners from around the ^ 

sionally barley fields may be used exclusively for grazmg by , 

mals (cows and buffaloes) The early grov^ of irrigated w 
barley may be grazed by sheep, especially when the rams in ® 
areas are late or fail Fallows are sometimes given one or more ^ 
lions, and the spontaneous vegetation consistmg mainly of ann 
grazed m the winter and early spring. 

Apart from these occasional grazings, most dairy animals m 
Bagjidad area are kept m compounds and near the houses o 
owners, and feed is earned to them Most owners of dairy animms 
not themselves own land, green feed thus has to be purchased, 
occasional grazing m wmlcr or spnng taken on a rental basis 
largest amoimts of green feed arc fed m spnng. m summer the amo ^ 
giNcn arc less (mainly lucerne), and m autumn often no green fee 
provided Cereal straw is the roughage, and concentrates consis ^ 
barley, bran, cotton seed cake, linseed and sesame seed meal, 
pains, and sometimes low-quality dates Successful experiments 
been made at Abu Ghraib Expenment Station with the feeding of da 
by products m the rations of dairy cov^s, buffaloes and sheep ® 

vanous fodder crops has also been produced at this station, using soak 
dales or date molasses as a preservaiiv c , . 

The conservation of peen fodder m the form of hay or silage 
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have to be done on a much larger scale in order to provide a more 
balanced ration in late summer and autumn. Prices of green feed are 
relatively low in spring and higher later in the year, so that conservation 
would be an economic proposition. Moreover, hay would help in over- 
coming digestive disturbances and would be of vdue in calf-rearing. 

The Dairy Administration made a reconnaissance survey of the cattle 
population in the Baghdad area in 1963, and collected the data given 
below. A detailed survey is being made by the Animal Husbandry Divi- 
sion of the Ministry of Agriculture.(i) 

Cattle population in Baghdad milk procurement area 


Buffaloes 30,000 

Cattle; 

Native (Jenubi) 2,000 

Crossbred (Jenubi x Friesian, 

Jenubi x Ayrshire) 3,000 

Milk yield per lactation (in kg.) 

Buffaloes • 3,800 

Native Jenubi 1,500 

Crossbred 2,500 


Percentage of local bovine population in milk at one time 

In the Baghdad area, it is estimated that 70 to 90 per cent of the 
mature buffalo population is milking during the period from 1st August 
to 15th April. The peak of the dry season for buffaloes is in May and 
June, when the number of dry animals reaches 60 to 70 per cent of the 
adult buffalo population. The freshening of cattle is fairly well distri- 
buted throughout the year, with a sUght increase in calving in the 
autumn and early spring months. 

Age at first calving 

Buffaloes 27 to 40 months (average 33) 

Cattle 24 to 36 months (average 30) 

Intervals between calvings 

Buffaloes and cattle about 12 to 15 months. 

Length of life and number of lactations 

Buffaloes 12 to 15 years 

S to 13 lactations 

Cows 8 years 

S to 6 lactations 

Good feeding and management combined with good breeding could 
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give a yield of 6,000 kg. milk from buffaloes and 4,500 kg from cros 


bred cows C) ^ , r ner dav, ui* 

The Central Dairy Plant reeeives 20.^'' rf= As^nd 


Lcmrai uairj ridui. . 

creasmg to 22,000 to 23,000 btres durmg the winter 


factory at Abi Ghraib ^e mto operation m 1965 to P™““- „rea 

(а) an additional 20,000 btres of milk for sterilized plam and 

milk, butter and cream, . 

(б) 5,000 btres for yogurt production (seasonal summer;, 

(c) 10,000 btres for cheese production (seasonal wmter), 

(d) 5,000 btres for ice-cream (seasonal summer) ^„«citv of 

A factory to produce dry and condensed milk, ^ P centres 

70,000 btres of milk per day, is planned Three milk 
have been set up m the Baghdad area by the Dairy 
which operates the UNICEF-assisled Government dairy ta^D ^ 
mitk IS cooled m the coUection centre, and transported to o P ^ ^ 
insulated tank trucks The coUection centre farthest ® ^nother 

at a distance of about 30 km. It has been proposed to estabbs . 

coUectmg centre m an irrigation project about 70 km from 
where settlement took place several years ago on land 
been provided with imgation and drainage canals Settlers m 
had started to grow fodder crops for dairy cows kept to meet t e 
of their own families waloes 

Plans are being earned out for the removal of all cattle and b 
outside the city limits of Baghdad and their housing in modem ^ 
samtary settlements This programme will comprise about » 
famihes who own about 30,000 buffaloes and cows It is hoped to co 


pletc the transfer within 18 to 24 months ,IairV 

Bams have been erected for a model dairy farm next to t^ 
factory, and land obtamed for fodder and pasture production The 
would have 2,000 head of cattle, the area under fodder crops wo 
1,250 hectares Costs of production of pasture and fodder, inclu & 
oerhead costs, are 

Iraqi Dinars 
per ton of green feed 
Grazing 0 858 

Soilage 2 532 

Hay 2761 

Silage 3 220 


Van der Veenf^”) stales that production per hectare from permanent 
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irrigated pastures is considerably lower than from lucerne, and that 
grazing of mixtures of annual wnter cereals and legumes, such as oats/ 
berseem or barley/berseem is feasible and was practised at the Abu 
Ghraib Experiment Station. Grazing is, however, not recommended for 
first-generation crosses with exotic cows because of the health hazard 
(tick-home diseases such as piroplasmosis). Second-generation animals 
from local introduced crosses appear to have more immunity. 


Table 25 

Iraq. Carrying capacity of irrigated fodder crops in central Iraq 
{Based on average green yields, and on requirement of cow of 
900 lb. body weight, producing 5 litres of milk daily for 300 days, 
as given in Morrison^s *Feeds and Feeding’) 


Crop 

Average 
green yield 
tons per 
hectare 

Number of 
cuts (or 
©razings) 

Number of 
cows 

maintained 
per hectare 

Length of 
period of 
availability 
(months) 

Lucerne 

100 

8-11 

8 

10 

Permanent pasture 

52 

7-9 

5 

10 

Berseem 

60 

4-5 

10 

4-5 

Sorghum 

32-40 

2-4 

11*2 

4 

Sudan grass 

28 

4-5 

5*2 

5 

Cowpeas {Vigna sinensis) 

12 

1-2 

2 

3 

Phaseolus radiaius 

16 

1-2 

* 

* 


* No data on feeding value given in Feeds and Feeding. 


IRAN 

The irrigated perimeters within the irrigated arid zones of the central 
Iranian plateau lie mainly at the foot of the 2Sagros Mountains (Ispahan, 
Kerman) and of the Elburz Mountains (Teheran). According to the 
FAO/UNESCO/WMO agroclimatology project,(^®) the arid continental 
climate has generally cold winters with minimum temperatures below 
3® C. and 7® C. respectively for 60 to 80 days, and 100 to 120 days. The 
spring rise in temperatures is rapid, around 5* C. per month. The preci- 
pitation of 100 to 250 mm. falls for a prolonged period but the regular 
rcuny season is quite short; December to late April in stations where 
precipitation is around 200 mm. The relative inter-annual variability is 
high (55 per cent) because of the low rainfall. The relative air humidity 
is never very high and is often below 50 per cent in the middle of the 
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day. The annual evapotranspiralion (ETP) values vary Iiltle (1,300 to 
1,500 mm ) and remain below 40 min. per month for 3 months; they 
nse very rapidly m spnng Preapitatioo covers ETP needs for only 1 to 
3 months The summer season lasts for about 6 months but may be 7 
months at elevations below 1,500 m. The maximum temperatures exceed 
35* C for 2 to 3 months, the sums of mean temperature he between 
1,500* C and 1,700* C ETP water requirements durmg the summer 
season exceed 1,100 mm- and in July the ETP values nse to about 230 
to 250 mm. 

Cultivation is feasible only m imgated areas The scrm-late wheat 
varieties such as Fahravan are recommended, while Coker Wilt 100 
cotton, gourds, sorghum and sugar beet are the summer crops at 
present bemg developed The summer season has several points m 
common with the summer seasons in the western part of the Fertile 
Crescent (slightly shorter) and in the San Joaquin Valley, Califorma. 

Obviously lucerne should be the best adapl^ cultivated fodder crop 
Lucerne hay (usually stalks with the leaves missing) is fantastically 
costly in the Teheran markets, far too high m pnee for economic tnilk 
production, due to an inflated idea among the cowkeepers as to its 
feeding value If it is to be the basis of a dairy mdustry, it should be 
competitive m economic return per hectare with the major food and 
cash crops on the ungated land. For this purpose it would have to be 
fed to highly productive animals and the proporuon of milkmg to dry 
animals and growmg stock would have to be high. It may be desirable 
to subsidize the cultivation of lucerne and other fodder crops for a 
number of years until their value has been appreaated and the required 
hvestock populaUoa has been developed. Apart from high quahty 
fodder crops fed green or conserved as hay or silage, there will be a 
certain amount of crop residues available from the arable crops to pro- 
vide part of the mamlenance ration Only 10 per cent of the natural 
grazing lands of Iran are susceptible of unprovement by reseeding, and 
even they could not be expected to provide grazing pastures up to the 
requirement of productive dairy animate 
One must conclude that, in the present drcumstances, the dairy in- 
dustry in and around Teheran must rely heavily on concentrate feeds, 
perhaps for part of the maintenance and all the production ration, par- 
ticularly since most of the stock are m the town dames Tran exports 
most of its cotton-seed but by agreement with the companies concerned 
with the extraction of oil, the export of cotton seed cake will be author- 
i 2 «i only after local consumption has been secured. Silage made from 
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beet pulp is now being used extensively in livestock feeding, and there 
are some factories which dry beet pulp for animal feeds. 

Later we may hope for a greater integration of cultivated fodder crops 
into the far min g patterns, with all that this means in reduced costs of 
production and higher fertility for the individual holdings. In assessing 
the position within the Teheran milk procurement area, one would need 
to know what other types of .animal husbandry and production are 
competing for the actual and potential fodder resources. It is stated that 
there is in the Teheran area no significant competition from any other 
type of livestock production, and that most of the feeds and fodders are 
therefore available for the dairy animals. 

As the continuous increase in the price of fodder and feeds is creating 
a serious economic position for the dairy farmers, credit should be given 
for the purchase of additional land for pastures and for fodder produc- 
tion.(®=) The Ministry of Agriculture should do everything possible to 
promote the cultivation of fodder crops as a basis for dairy farming, by 
increased experimentation on dryland and imder irrigated conditions, 
by demonstrations on farmers’ fields and by the granting of special 
advantages to farmers who grow fodder crops. According to local cus- 
tom, milk producers are given advance payments from the buyers when 
they sign their contracts, and this practice has been retained in the tran- 
sactions between the producers and the Government Dairy Factories, 
in order to help the producers to improve feeding and management and 
the buildings on their farms. Action has also been taken by Government 
to provide land for milk producers, to encourage them to move their 
enterprises out of the city of Teheran, and to change from the present 
system of dry-lot feeding to a typical dairy farming system. A new divi- 
sion for the study of fodder production under irrigated, dry farming and 
range conditions has been set up in the Department of A^mal Produc- 
tion, Ministry of Agriculture. 

The cropping pattern in the Central Ostan of Iran, in which Teheran 
is situated, may be seen in Table 27. It will be seen that only 9,600 hec- 
tares out of a total area of irrigated and dry land in the province of 
392,000 hectares are under lucerne, sainfoin and other fodder crops. For 
Iran as a whole, the figures are 148,000 hectares of lucerne, sainfoin and 
other cultivated fodder crops out of a total area of about 6 million hec- 
tares under cultivation. The dairy extension agronomist certainly has 
great scope for his activities. And within economic transportable raditis 
from Greater Teheran there arc three areas of irrigated development, 
which in order of potential are: 
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1. Kany-Kazvm— situated to the west of the city with better-quality 
imgation water. 

2 Varamin-Gartttsor — situated to the cast, with poor to medium 
quality imgation water (m terms of relative salimty) 

3 Shahr-Rcy— South Teheran— mainly ground water of mixed 
quality. 

There are 144 dairy farms which arc under stnet inspection for milk 
samtation, and which supply iwo-thirds of the total milk produced for 
two important milk pasteurization factories The number of farms and 
cattle populations found in these areas arc shown in Table 26 The 
Government considers that (be greatest potential for development of 
dairy fanning is to be found in Karaj and Shahnar. 


Table 26 

Iron Dairy production around Teheran 


Ducnct 

Number of 
Dairy 
Farms 

Cows 

m 

milk 

Heifers 

Milk 

production 
(litres 
per day) 

Kan) 

10 

1,477 

388 

3.830 

Gbala Hassan Kban 

5 

160 

32 

720 

Sbahnar 

16 

1,877 

419 

6.944 

Shaht Rey, Vamom 

17 

2.774 

666 

8,503 

Teboan 

64 

16,226 

1,992 

mmsm 


If the ancient distinction between crop husbandman and animal hus- 
bandman characteristic of the Near East can be broken dovm, and the 
cultivators m these imgated perimeters can be given the necessary in- 
centive to take up dairy fanmng as a major industry, there is a great 
potential for development m this direction 


Table 27 

Iran Crop areas in central Osian, I960 {excluding fruit trees and 
vines) in hectares 


Wheat 

Bailey 

Vmrngated 

118 809 

28.390 

Irrigated 

144.019 

36.917 

Total wheat and barley 

147,199 

180,936 


160 







Dairy Development: Country Studies 
Table XI~continued 


Iran. Crop areas in Central Oslan, I960 (excluding fruit trees and 
vines) in hectares 



Unirrigated 

Irrigated 

Rice 

— 

— 

MiUet 

— 

55 

Sor^um 

— 

— 

Other Cereals 

— 

— 

Total cereals 

147,199 

180,991 

Legumes 

1,843 

3,157 

Lucerne and sainfoin 

— 

7,378 

Other fodder crops 

228 

2,282 

Potatoes 

— 

2,679 

Vegetables 

— 

3,489 

Melons, cantaloupes, etc. 

2,788 

13,301 

Sugar beet 

— 

682 

Beet for seed 

— 

— • 

Sugar cane 

— 

— 

Spices 

— 

— • 

Oil seeds 


1,684 

Cotton 

— 

24,748 

Fibre crops 


— 

Tobacco 

— 

— 

Total: crops other than cereals 

4,779 

59,397 

Total: all crops 

157,978 

240,388 

Total crops 

392,366 


Wheat and barley 

96-9 

75-3 

Total cereals 

96-9 

75-3 

Other crops 

31 

24-7 

Table 28 


Iran. Livestock population {.Agricultural Statistics, 1960-1) 

Livestock Total for Country 

Central Ostan 

Cows and calves 

4,980,800 

250,500 

Buffaloes 

234,900 

150 

Sheep 

15,959,300 

1,195,700 

Goats 

12,080,500 

795,700 

Donkeys 

1,753,300 

147.700 

Mules 

85,400 

4,500 

Horses 

309,500 

5,500 

Camels 

176,900 

9,200 

Hogs 

7,200 


Poultry 

13,433,600 

721,400 

Other fowls 

866,700 

2,064,840 

8,100 

Number of livestock owners 

145,060 
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MONSOON ASIA 
PAKISTAN 

Karachi 

According to a report by M luimer» FAO, the Karachi milk factory 
was neanng completion at the time of his visit, October 1963, but could 
not be expected to start operations before summer, 1964 ‘The factory 
will face the crucial problem of havmg an insufficient milk supply jrO“ 
mediately after the start of operations * In the first phase, the daily pro- 
duction was planned to be 25,000 litres of toned milk (2 per cent fat), 
the tnaximum was to be about 75,000 litres of daily throughput spread 
over three shifts ‘The Report of the Team Representing Countries Ex- 
porting Dried Skim MUk on Possibilities for Intcroalional Co-opcralivc 
Action in Pakistan’ estimated m 1957 that the daily potential milk 
supply of Karachi was 200,000 hires of city milk, and 75,000 htres of 
mdk from rural areas Actually the city milk supply is about 20,000 
litres, and is too high m pnee to be used for low income groups In the 
rural areas within a radius of 96 kilometres from Karachi, there is less 
than 5,000 litres of raw milk (6 per cent fat) available m the Charo and 
Thatta areas, enough to cover only half of the imtial planned production 
of toned milk. 

There exists a potential for developing milk production in the Thatta 
region, but the Agricultural Development Corporation has made no 
provisions m this respect The imgation recently introduced in this 
area has been concentrated on large mechanized farms with nee mono- 
culture without any attempt to incorporate livestock and fodder cultiva- 
tion mto the farming pattern As this area is now waterlogged, the live- 
stock owners have been obliged to migrate to the hills, insufficiency of 
fodder has compelled the slaughter of cattle, and the milk supply has 
thereby been reduced rather than increased 
It will therefore be necessary to investigate the possibilities of obtain- 
ing milk m areas far from Karachi and transporting it by road or rail 
There is a possible area 400 to 560 kilometres from Karachi (10 hours 
by rail) at Dadu Larkana, the supply from the Punjab (W ) has also to 
be considered in spite of the long-distance transport that is involved 
Studies of nulk potential and the possibility of greatly increasing fodder 
supplies should have been undertaken earher and not when the factory 
IS starting operations 
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Lahore 

Milk is stated by M. Lamer, FAO, to be readily available for the 
Lahore mil k scheme from a radius of 64 kilometres from the city. The 
factory should come into operation in 1964; as a demonstration of a 
successful enterprise, it should have been established before Karachi. 
There is stated to be enough to supply 25,000 litres per day of toned 
milk from the Lahore factory and to allow for further expansion. 

Rawalpindi 

The FAO/UNICEF team that visited the area in March 1963, con- 
sidered the future milk requirements of the city of Rawalpindi and the 
new federal capital under construction at Islamabad. Rawalpindi is 
itself situated in a milk-deficient area and the supply position will be 
made more difficult by the appropriation by the Capital Development 
Authority of some 200 square miles of agricultural land adjacent to the 
city. Much of this land will subsequently be diverted to non-agricultural 
use, thus further depleting direct supplies of milk to Rawalpindi, and 
affecting the present source of feedstuff’s for the city herds. 

The team surveyed three possible areas for rural dairy development, 
referred to as the Murree Highway and Kahuta Road area, the Haripur 
area and the Jhelum River area. Only the last of these three was found 
to have any great potentialities for milk production. It is a rich and 
well-developed agricultural region, with much of the land under irriga- 
tion from the upper and lower Jhelum canals and a climate suimble for 
fodder cultivation in all seasons. There is a relatively high concentration 
of buffaloes, with individual herds of five to ten animals each. Land 
holdings are relatively large with many in the 3 to 5 hectare category, 
and 10 to 20 per cent of the holdings are under berseem, wheat and 
oats for cutting green. Considerable quantities of whole cotton-seed 
(rather undesirable) and oilcake are fed. The area specializes in ghee 
production with little if any sale of whole milk. 'The establishment 
of a chilling-pasteurizing plant at Mandi Bahauddin (200 kilometres 
by rail from Rawalpindi) would represent a considerable incentive to 
the producers. 

It is apparent that here, as in Punjab (India), the production of green 
fodder does not represent a great obstacle to dairy development. It is 
possible to define targets for a wider range of crops on the seasonal con- 
veyor belt for feeding in the green or conserved state, in relation to the 
feeding requirements of the total buffalo population (in milk, dry and 
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followers) needed to produce the initial planned amount of 15,000 litres 
per day An initial survey of the production phases would also consider 
the possibility of reaching the second phase milk target of 100,000 litres 
per day from the Jhelum and other areas Such a development requires 
to be supported by arrangements to ensure a reliable source of seeds 
and fertilizers, if possible at concession rates for the initial years Exten- 
sion officers should also conduct demonstrations of improved feeding 
methods, which will probably lead to a production per animal two to 
three times the present level 

Dacca 

East Pakistan is one of the most difficult areas m which to develop 
an adequate fodder basis for an economic dairy mdustry There is so 
htlle room for manceuvte The small size of the holdings, the predomi- 
nant need to produce food for direct human consumption, the intense 
competition between man and animal, and the nondcsenpt nature and 
abysmally low productivity of the bovine population, all these and other 
factors militate against the early development of a new and stable form 
of land use based upon alternate husbandry or mixed farming It is 
difficult to see how dairy animals, buQalocs or cows, can be fed on any- 
thing other than paddy straw and other low-quality crop residues, and 
concentrates From the expenence at Hanngbata Farm in West Bengal, 
India, we know that a sequence of fodder crops may be grown to pro- 
vide green feed throughout most of the year, but it is unlikely that culti- 
vators will agree to spare any of their laud for ihcir cultivation 
There is need for a production survey on the hnes of that earned out 
for the Hyderabad/Vijayawada Inte^ated Project in Andhra Pradesh, 
India (see Chapter XUI), to show whether the 30,000 pounds of milk per 
day needed to operate the Savar plant are available on a reasonably urn- 
form basis throughout the year, and within what radius of Dacca This 
would provide a basis for the pilot scheme of milk collection that was 
proposed by the FAO/UNICEF team that visited the area m February, 
1963, and now the objective of second phase planning- The surv^ 
would also mdicate the directions m which the dairy extension efforts m 
animal husbandry and fodder agronomy should be concentrated, 
whether subsidies for seeds, fertilizers or per acre of crop are desirable, 
and what other credit facilities should be provided These actions in the 
production phases should, of course, be supported by the formation of 
rural dairy co-operatives, artificial insemination centres and other 
breeding facilities, veterinary hospitals and dispensanes There is, how- 
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ever, the further ditEculty that Savar farm may be isolated for 3 to 4 
months from Dacca, and milk has to be transported by truck/boat/ 
truck provided the weather is not too rough. 

But it may be asked what happens to the sewage of a city tlie size of 
Dacca (more than 500,000), or what is planned in the way of disposal 
in the future. Is there any waste land or land of low productivity within 
20 or 30 kilometres of the city to which the sewage could be economi- 
cally pumped, and at which a cattle settlement could be established with 
ample year-round supplies of green feed ? If so, the authorities respon- 
sible for public health and dairy development should get together to 
plan for sewage utilization, not disposal. Such fabulous yields of grass 
may be obtained per acre that it might even be economically sound to 
retire some land from continuous low-yielding paddy, and place it 
under sewage grass. 


^INDIA 

There have been many references in the foregoing chapters to 
the problems of producing milk in India, and to the measures which 
may be taken to overcome them. In addition, the whole situation in 
that country has been described in the partner book by Whyte and 
Mathur(^®®) entitled The Planning of Milk Production in India^ and in the 
earlier book entitled The Grassland and Fodder Resources of India.i}^^) 
It is, therefore, necessary to give here only a relatively brief summary of 
a complex and difficult situation. 

In India perhaps more than in any other developing country, we have 
a reasonably clear idea of the targets of milk production that must be 
achieved if every person is to receive an amount of milk and milk pro- 
rducts necessary for correct nutrition. These are 133 million litres per day 
1 to meet the objective of 0*28 kg. or 10 ounces per head per day suggested 
Un 1944 by the Nutrition Advisory Committee of the Indian Council of 
IMedical Research, or 80 million litres per day if calculated at what is 
currently considered to be a more realistic target, namely 0*17 kg. or 
6 ounces per head per day. 

These targets have recently been expressed in agricultural and animal 
husbandry figures, as follows: 

(a) The total number of productive bovines needed to produce these 
amounts of milk, assuming that 25 per cent of that population is 
in milk at any one time, and recognizing that the number of ani- 
mals (cows or buffaloes) required is related to yields which vary 
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from 500 to 2.500 Utros per bctaUoo, but with a national average 

yields of the crops concerned under the ecological con i 
the nulk plant in question 

These calculaUons on a national basis, and also bro w 
the requirements for individual milk plants varying ^ 

2,000 to 250,000 Utres per day, are given in The Planning ofM 

”'°Against these targets we must place the available resources 
have^lso been analysed on the basis of such 
The concentrates and oilcakes amount to about 10 
demand to feed the bovine population of India p^s 

times that amount The demand for working animals and pou try p 
the bovines needed to supply to capacity (3 million 
plants now (1966) m operaUon or under construction (Tanln i) 
umes the available supply ^ , s.-uu 

Data regardingtheareaoffoddcr crops andproductionarenotreuame 

as these are not scheduled crops for statistical purposes in Panenaya 
records The total production may be said to be around 1 50 million . 
assuming a yield per acre of 10 metnc tons green, and the demana 


about 600 milUon tons , 

Taking the average yield of straws and other residues from cereai 
crops at two thirds of a metnc ton per acre, the amount available wou 
be about 150 miUion tons to meet a requirement of 870 rnimon tons 
Some increase in the amounts of crop residues may be expected 
appheauon of ferUlizers for increased production of gram, rather tna 
from any marked increase in the cereal acreage as such 

With the present information and techmques that are available, it is 
difficult to assess the actual or potential contribution of natural grazing 
lands to the overall feed resources for milk production Village pastures 
and grazing grounds within daily walking distance from the villages are 
grossly overgrazed, sometimes carrying ten to twenty times the number 
of bovmes that should be sustained by that particular type of grass com- 
mumty On the other hand there are vast areas maccessible to cattle 
which should be used for the cuttmg of hay Althou^ the speaes m the 
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natural grass covers do acquire some degree of quality during the latter 
part of the monsoon months, they are for most of the year low in pro- 
tein and high in fibre, and as such of no value to productive milch 
animals. 

y^But even if it were possible to provide the feeds and fodders that are 
'required, as the basis of an economic dairy industry, we are still left 
with the greatest problem of the whole developing world, the so-called 
j'cattle wealth’ of India. Anyone who has eyes to see what this ana- 
chronistic situation, based upon a combination of sentiment, prejudice 
and religion which motivates those who support the responsible politi- 
cians, is doing in the destruction of the land of India may be pardoned 
for feelings of deep anger and frustration. Nothing can Ije done in the 
conservation of forests or grasslands, nor in the better management and 
conservation of soil on the cultivated land nor in improving human 
nutrition, until the policy-makers take courage and face the economic 
realities of cattle management for the sake, in the first place, of the land 
and the people. A complete reversal of national policy is called for, pre- 
ceded by an intensive programme of education and propaganda, per- 
haps to be initiated by a revered religious leader. 

As far as the milk production targets of the country are concerned, 
there is no indication that the present cattle population is in any way 
^adequate to meet the demand. Key Village Schemes or Intensive Cattle 
Development Projects^’'’) can make a limited contribution, but one is 
always conscious of the hopelessness of the general situation throughout 
the country, as long as the breeding of cattle is based upon the prohibit 
^tion of culling by slaughter. 

The cattle situation may be presented as given in Table 29. The esti- 
mated economic bovine population under (b) is an optimistic figure, and 
probably exaggerated. 

Therefore, to meet the lower nutritional target, it would be necessary 
to have double the present estimated productive bovine population, 
giving 1,000 and not 500 litres per lactation. It would also be necessary 
to eliminate all the animals of lower productivity in order that the 
limited feed and fodder resources could be used for production. 

The real test of the economic efficiency of the dairy industry in India 
comes when one calculates the contribution of feeds and fodders within 
the total cost of production of 1 litre of milk. Over 80 per cent of milk 
produced in India comes from bufialoes, and in calculating these costs 
of feeds and fodders, it is customary to consider only the amounts fed 
during the actual period of lactation. If the farmer buys the buffalo 
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berore it has calved, and feeds it properly dunng the find stages of 
pregnancy and throughout the lactation, we should calculate on tn 
basis of 400 days The costs of feeds and fodders per htre would then be 
Rs. 1-55 for whole milk and Rs 1 07 for fat-corrected milk and 4 per 
cent 

Table 29 

India Cakidahon of present and required population of milch 
amnuds 

(a) Cattle (1961 Census) 

Males over 3 years 

Females of breedable age to nulk and dry 
YouDg stock 
Buffaloes (1961 Census) 

Males over 3 years 

Females of breedable age in milk and dry 
Young stock 

(b) Cattle 

percentage of females of breedable age considered 
to be worth mamtamtogaad feeding for economic 
milk productioa-»2S per cent 
Buffaloes 

Percentage of females of breedable age considered 
to be worth mamtammgand feeding for economic 
mi\k producuoo-~SO per cent 
Total rnOch stock estimated — basis of 1961 census 
Percentage in nulk — 50 per cent 
Production of milk per day &oro this population 
at 500 litres per lacUUoo, ignoring the Govern' 
ment of India estimate 01250 Ltres for cows 

(c) Bournes in milk 

With lactations averagmgl.OOO litres requited to 
provide SO million btiesperday (6 ounces per head 
of human population per day) 32,000 

Females of breedable age in nulk and dry required 
to provide 80 million btres per day 64,000 

But a milkman may purchase the buffalo just after calving and sell it 
upon completion of a lactation of, say, 300 days In such circumstances, 
the feed and fodder costs are Rs 1 25 and Rs 0 85 per litre for whole 
and fat-corrected milk rcspecUvcly, at market rates for concentrates and 
green and dry fodders current in Bangalore m April 1966 * At the 
NaUonal Dairy Research InsUtute, Karaal, Punjab, these costs, based 
• Before tbc 1966 devaluation of Uw rupee. 
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on farm-grown fodders, were Rs. 0-52 per litre for whole buffalo milk 
and Rs. 0-35 per litre fat-corrected milk at 4 per cent. 

If, however, we calculate the feed and fodder component of the total 
cost of producing a litre of milk on the assumption that the farmer rears 
his animal from birth and feeds it according to accepted standards until 
the end of its final lactation, we obtain figures of Rs. 5-48 or Rs. 3-78 
'per litre for buffalo milk, whole and fat-corrected respectively. 

The retail price of whole buffalo milk is Rs. 1 or more per litre, and 
of toned milk, around Rs. 0-6 to 0-7 per litre. 

It is interesting to calculate whether it would be possible in India to 
achieve the national target of 80 million litres per day (32,000 million 
litres per year) by combining high-fat buffalo milk with imported skim 
milk and water. This target could be reached by combining a daily 
production of 32 million litres of buffalo milk with an annual supply of 
1,600,000 tons of imported skim, plus water. To produce 32 million litres 
per day, India needs 51,200,000 buffaloes of breedable age in milk and 
dry, giving the national average of 500 litres per lactation. According 
to the 1961 Census, the population of buffaloes in these categories in 
India is 25 million. 

yThe buffalo must nevertheless remain the primary milk-producing 
animal over most of India, until such time as the national breeding 
policies for all types of livestock in general and for milk-producing 
crossbred cows in particular have been worked out and their implica- 
tions accepted in terms of genetical, economic, social and political 
charjge. 


CEYLON 

As a result of the hot and humid climate, tropical crops are the main 
source of agricultural income. The cultivated tropical grasses grow well, 
as compared with legumes, but livestock farming is not sufficiently 
remunerative to permit these fodder crops to compete with tropical 
cash crops. Large quantities of rice straw are, of course, available, but 
this is fed mostly to the draught animals because of its limited nutritive 
value for mUch animals. A more important source of feed might be the 
substantial quantities of rice bran. This resource is largely wasted, be- 
cause the small country mills arc not usually in a position to separate 
the bran from the husk. The large production of coconuts on the island 
would suggest that coconut cake would be a more readily available con- 
centrate. 
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Apart from the diffioiUies of pro^dmg “f ® 
quanUty and quality, jS humidity has an adverse 

?tacle to mteusive ammd taported animals 

effect on the growth and nul p , j^tenorate rapidly To 

kept under local condiUons of also buffaloes are washed 

olnlain then health and reustanee^ws^dds^obuffa^^ 

down several times a day There are at p that 810.000 

and about 800,000 buffaloes in ° ^ ,fa„ to the situation m 

of the cattle are milch cows and ‘ oducuon and 

India, buffaloes are relaUvely ,00 000 tons of buffalo 

only about 80.000 are hsted as milk ^mals ^=300 ^ ton 
produced aunuaUy are generally used fur curds and omy 
quantiUes find their way into *e ’iqnd ^ mdigenons 

MostofthecattleontheislandarcoftheS ^ ^ 

Zebu type which breeds more or less pur , y , Ceylon 
bullock of this breed provide the mam source of dt™Bht in y 
Even under optanal conditions of feeding and managemen , 
do not produce much more than 400 btres pet . Fnesian, 

There ate about 2,500 animals of European type, most y 
Ayrshire and Jersey ImportaUon of th«e ammak there 

war when about 1 ,600 were brought m from Austra^ Jestem 

has been occasional importaUon of bulls The oon^on 
breeds of catUe is very unsatisfactory and the “<>doh‘y ^ 
catUe which are kept on Government farms, mote ” dt. 

the Indian breeds. Smdhi and Tharparkar, arc m a .„„t 

non The bulk of the cow milk m Ceylon, however, j,„d 

18,000 crossbred cows, which ate mostly crosses between 
European type catUc at vanous stages of , ^“the 

important groups ate the so-called Hatta cows, kept mainly y 

workers on the large tea estates m the south of the island , 

Milk ptoducuon is pnmardy m the hands of sn^ scale p 
the most important group bemg smallholders with one or ‘ ^ 

each, h«ng in viUages AU milk not rcqiuxed by the fonuly^c 
by the producer to his neighbours or to the local tea kiosk. There a m 
a substanual number of smaU scale producers m the urban anu 
urban areas oflargc cities who seU hi^y adulterated milk direct to y 
consumers Large-scale producuon of milk is earned out only on s 
of the coconut estates and the Government farms j,,. 

Milk production actually dcchncd between 1948-52 and 1960-2, 
pnmanly to a decline in the production of buffalo milk. Because ol 
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rapid increase in human population, the production per caput is now 
lower than during 1948-52, even though there has been a very consider- 
able increase in the number of cows and buffaloes. This would indicate 
considerable decline in milk yield per bovine. The scarcity and inaccur- 
acy of statistics make it difficult, however, to draw concrete conclusions. 
Yet in recent years production per caput of human population remained 
virtually constant at the very low level of about 12 litres per annum. 

BURMA 

Although Burma is pre-eminently an agricultural country, there has 
been little attempt to develop a livestock industry, apart from the breed- 
ing of draught animals. This type of livestock production is, of course, 
very important to the economy of a country in which the cultivation for 
the paddy crop is done by bullocks and buffaloes. Little has been done, 
however, to establish a dairy livestock industry or to make any improve- 
ment in what little dairy industry is already in existenee.(“) It is con- 
sidered that the conditions in the Union would be excellent for such an 
industry. There are large tracts of grazing land, almost unused. There is 
abundant rainfall; the country can produce all the concentrates which 
would be required, and there is a large drain on the foreign exchange 
resources because of the importation of large quantities of milk and 
milk products. 

Certain factors operate against the establishment of a thriving live- 
stock industry, or even the improvement of the present industry, namely : 

(a) Lack of any trained or subordinate staff in the Government 
Department concerned with the welfare of livestock. 

(i) Absence of co-ordinated effort by Government regarding im- 
provement of livestock. 

(c) Cattle Slaughter Prohibition Act. 

(d) Impact of Buddhism. 

(e) Lack of security. 

(f) Scarcity of foreign exchange. 

(g) An almost total lack of interest in the various States in matters 
relating to livestock production. 

Due to the large number of cattle which was slaughtered during the 
Second World War, and in order to build up to the pre-war level, the 
Union Government passed an Act in 1947 which allowed the slaughter 
of only the following classes of cattle; 

(a) Male cattle above fourteen years of age which are imfit for work. 
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©Animalsof any age Which could not be us^dfordraught because 

(//eS='a^“Xl were nnflt fot wotb or breeding due to 

CaSS^^^iseasessuebastubereuloM^^ 
are totally uneconomic, cannot government clearly recog- 

Accorduig to a subsequent report( ) ammal products for 

nizes the need for the increased producuon of anim p ^ 
human consumption at a pnce which the peop e mcrease 

lem concemmg this countiy is the means by which sucn an 

“tr; "rtage of trained personnel po-smg «P-e^ 
modem animal husbandry There is httle ™ „«rket- 

lager, no animal husbandry extension service, ^ ^ from 

mg faciliues to protect the farmer from the to in- 

poultry m the Rangoon area, there is httle economic . ^ over 

crease and mwnsify producuon The ngorom ^th and 

much of the country imposes severe ‘ ^^tion of 

storage of fodder The pnmiUve methods used for the P'®P of 

oilcaL and fishmeals lead to the producuon P'°““ 5^ of^M 

highly vanable and mfenor quahty Owmg to the ^ ,t 

hrm m parUcular, there is an urgent need for f " 'Xn 

may be protected from becommg rancid and losmg its feeamg 
PeUeling of the nee bran with the protein concentrates, ^ 

mineral supplements, and the use of anti oxidant to protect me 
the nee bran may be used in the preparation of concentrates 

Although heavy grazing is, as m India, undoubtedly the ca , 

general detenoraUon of village common grazmg lands to a comp j 
unproducUve state, it is considered that their rehabiUtation 
replanting and controlled grazmg is both feasible and necessary 
grass and legume spcacs were mtroduced from Australia in co a 
tion with the Division of Tropical Pastures of CSIRO trrazed 

The most successful speacs in the Rangoon area, 
condiUons, were seen to be Paspalum phcatulum^ Brachiana decum 
(on more fertile soils), B bnzantha, Cenchnts ctliaris and Hyparr te 
hirta, while, among the legumes, Phaseolus atropurpureus was outstan 
mg and Stylosanthes gracilis showed promise C“) r onss 

The natural grasslands of Burma resemble certam of the types oi 

covcrmindiadescnbed by Whyte, Dabadghao and Shankamarayan-C 
Recommendations that funds should be provided by the Govemmen 
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for a study of the ecology and management of natural grasslands should 
be considered in relation to remarks made elsewhere in this publication. 
Although the natural monsoon grasslands of Burma may be expected 
to provide a certain amount of grazing for bovines of low productivity, 
they cannot be expected to make any major contribution to a dairy 
industry. As in India, therefore, any development leading to increased 
milk production must be based on the feeding of superior bovines with 
cut fodder from cultivated land. 

Apart from these considerations regarding the difficulty of producing 
milk economically from poor quality animals in a monsoonal climate, it 
should be noted that the Burmese do not normally drink fresh miUc and 
that any attempts to change their dietary habits are likely to be slow in 
effect. Any such action would have to be supported by incentives such 
as low prices to the consumer, which necessarily would mean low prices 
to the producers. Dairy farmers would therefore be unable to adopt a 
feeding system demanding purchase of concentrates. Hence the great 
importance of pasture and fodder development in the establishment of 
an economic dairy industry in the country. 

More recent information confirms that the standard of dairy hus- 
bandry in Burma is very low and that it would be difficult to find a herd 
where the average production of milk per day exceeded 4 litres per cow. 
The herds on Government farms are no better than the average, and 
would be even inferior to those of the better Indian dairy farms. The 
cows are a mixture of local breeds crossed indiscriminately with Indian 
breeds. The Red Sindhi breed is considered to be the best and is the 
most popular, but there has been no attempt to use bulls from the best 
cows nor to select bulls which have sired proven daughters. 

The standard of management in dairy units is very low. Calves are still 
used to produce ‘let-down’ of milk. On Government farms the cost of 
concentrates must exceed the value of the milk produced. Maturity of 
the animals is slow, many cows not calving until four years of age. As 
far as animal diseases are concerned, mastitis is common. Some reports 
indicate that tuberculosis is not common, while other tests have shown 
many positive results. There are periodic outbreaks of foot and mouth; 
Johne’s Disease is common, and is probably the cause of serious wast- 
age of livestock. Haemorrhagic septicaemia is the most serious disease 
of cattle and buffaloes and most cows are vaccinated against this. 

There has been virtually no effort to grow improved pastures or 
fodder crops. Green grass is obtained from any available source, and 
most herds depend upon the basic rations of rice bran, augmented by 
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broken nee. maize gram and v!^'’ llwprotem con- 

pnee and availability The hay because 

tent Pnvate dairy farmers are n g j. ^^i^ntrates is 

they cannot afford to buy 

under Government control and ^ ^ ji,e present stage be- 

Improved pastures are being a programme based upon 

cause they seem to be the simplest w y , ^on ff fodder crops can- 

improvedammalfeedmg Th* the cows which ate 

no? be recommended for Bnnnese conations nn®^ 

r-rplSt=^“foe?umbersofdu^^^ 

‘"'rrfis“l:u a" nd avadable m But- 

crop production could be markedly , 5^5 system demands 

Uve rotauon with temporary P“‘“” ,t is nevertheless 

the maintenance of large herds of low amn ‘"eu 

more efflaent to let the cows at that level “f P™™" ^ important 
own feed and distnbute their own ^ners to take the 

problems at present m Burma IS to induce Ibe cat £elds If 

Lmure whidi accumulates around the sheds upgraded, 

ptoducuve pastures can be established, the rows in “ ^g^odder 
Ld zero grazmg and the intensive culuvation of high yieiomg 
crops may be achieved 


PHILIPPINES 


There are at present four major sources of ^^PP’^ ^ J^Pibma- 

Phihppmes locaUy produced whole fresh mlk p^ppppt and 

of imported skim mdk powder with a blmd of . 7 ^ppm- 

_.i_ asntia Vitamins A and Dl. manufacture 


tion of imported skim milk powder wim a menu uk ^ 

maize oils, reinforced with vitamins A and D), manufactur 
bined- milk, and imported milk (seeTable 30) It is 
than half the total supply is whole fresh imlk not pr 

commeraal channels and representmg the mdk supply^at ^ 

bamo level, where two thirds of the poptilauon hve Milk classm 
Uiis catego;, is. according to W J A Payne.rO Ygem 

obtained from carabao, crossbred and pure Murrah buffaloes, in g 
ous cattle and goats Animal 

The Government of the Phihppines through the Bureau of Am 
Industry, and supported by the FAO tcchmcal oBceis o ° ^ 

Trammg and Research Institute (United NaUous Spcaal Fuad Assis 
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Project), are taking vigorous action to establish a modem and efficient 
dairy industry in the country. A Dairy Act (R.A. 4041) provides funds 
for loans to potential dairy farmers, for the establishment of pilot plants 
by the Bureau of Animal Industry, and for the activities of the Dairy 
Training and Research Institute, 

Table 30 

Philippines. EstUnated quantity of milk produced or imported 
{million kg.) 


Source: First City National Bank (1963). 

Data in parenthesis represent percentages of the total. 


Source 

1960 

1961 

1962 

1963 

Whole fresh milk: 
Commercial 

10-7 (2-6) 

10*8 (2*7) 

11*2 (2Q 

11*5 

Non-commercial 

232*3 (57*5) 

228*9 (56*4) 

241*8 (56*4) 

Not estimated 

Filled milk 

1010(250) 

115-0(28*3) 

128*0 (29*8) 

228*0 

Recombined milk 

— 

— 

— 

55*0 

Imported nulk 

«00(14-9) 

51-3 (12-6) 

48*0 (11*2) 

Not estimated 

Total 

404*0 

406*0 

429 0 



There is already a considerable market for milk and milk products in 
the Philippines, The existing market amounts to 300,000 metric tons 
annually of liquid whole milk equivalent. FAO economists have esti- 
mated ffiat the effective demand is likely to increase to 550,000 metric 
tons by 1975. This market exists without any expansion due to increase 
in purchasing power or any other cause. The present import bill for 
dairy products is $30 million per annum. Industrialization is proceeding. 
The number of persons engaged in agriculture decreased from 70 to 
59 per cent of the total population (nearly 30 million) between 1930-44 
and 1945--61. Although the income per head is very low, at least 10 per 
cent of the total population can afford to pay the economic price for 
fresh milk. When fresh milk becomes available, it is fully expected that 
the local demand will increase rapidly, although there is imdoubtedly 
a local preference for carabao milk. 

The seven major climatic zones of the Philippines shown in Fig. 8 are 
based on the most important factor, rainfall. Of a total area of 30 
million hectares, not more than 8 million hectares are used for the pro- 
duction of the main crops, rice, maize, coconuts and sugar. In the more 
inaccessible parts of the country, there are some 13 million hectares of 
forest land, most of which has already been cut over. This, together 
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with part of the nearly 9 million hectares of so-called waste land, is 
regarded by some as suitable for grazing. In addition, a large proportion 
of the million hectares under coconuts could also be developed as grazing 
land. 

' Much of the deforested land of potential value for grassland develop- 
ment is of easy contour, in large homogeneous blocks of open grasslands 
each about 2,000 hectares in size, and appearing to be well suited for 
livestoek production, although the present low-quality indigenous 
grasses would probably have to be replaced by sown or planted superior 
types within fenced and fertilized pastures. Bukidnon Province, for 
example, located in the centre of northern Mindanao, consists of a wide 
plateau at 700 to 1,000 m. altitude dissected here and there by deep 
valleys. This region enjoys the most favourable rainfall for pasture and 
animal production. In addition to Bukidnon, other areas favourable to 
cattle husbandry are Davao and Cotabato in southern Mindanao, 
Lanao in northern Mindanao, areas in the Visayas, the Bicol region in 
southern Luzon and parts of northern Luzon. Thus there is not yet 
any sign of competition for land resources between a developing 
animal industry and the production of crops for direct human con- 
sumption. 

Statistics suggest that there are about 3-5 million swamp buffalo or 
carabao in the country. Most are kept for draught, although perhaps 
2 per cent are kept for the production of liquid milk and cheese for the 
market, and a larger but unknown number for milk production for the 
farmer and the village. It is said that carabao produce 1 litre per day for 
200 days in addition to feeding their calves. Crossing with imported 
Murrah buffaloes has not succeeded. 

Up to the early years of this century, the cattle consisted almost en- 
tirely of animals indigenous to the country, of the £os taurus type. 


Old Classification 
1. Dry winter and sprms. 

Wet summer and autumn. 


2. Short dry season of 1-3 
months. 


3. No dry season. Pronounced 
winter rainfall. 


4 . No dry season and no pro> 
nounotd maximum rainy 
season. 


New Classification 

A. Lonslovrsundry season :S or fi months with less than 6 cm. 
ram per month. 

D. Intennediate low sun dry season: 4 months with less than 
6 cm. ram per month. 

C. Short low sun dry season: 1-3 months with less than 6 cm. 
ram per month. 

D. Short hifh sun dry season: 1-3 months with less than 6 cm. 
ram per month. 

E. All months with € cm. or more ram: wettest low sun month 
With at least three limes the rainfall of driest hi^ sun month. 

F. All months with € cm. or more ram: wettest high sun month 
with at least Uum times the rainfall of driest low sun month. 

G. Alt months with 6 cm. or more ram' nettest month less 
than three tunes the rainfall of the driest month. 


Note; High sun period is April through September. Low sun period, October through March. 


M 
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OraaC iULUJ 

Two large pnvate operators have to the city 

Fnesian and 350 Jersey cattle as pure breeds, to PP ^ j bousing 

ofManda Cattle otEuropeanoriginreq^e^^^^ 

them from chmaue stress, combined wim a mgu 


ceniiaic iccuiug - , . ,,^,.1, « olten mgr'* 

measures, mortabty among bo* Joung an si 

and the proportion of dry ammals m the herd is a^o m^, ^^j^d 

intervals between calvings These difficulties are, o j’ pijrecom- 

in less favourable chmauc regions A report by C Brantom J 
mends the crossmg of Jerseys on the nauve cattle, and of Holsiei 


On the farm of the Dairy Traimngand Resemch ‘ oable 

to carry by the end of 1964 a milkiogherd of W to 80 raws °f ^ 

average producuon, plus replacement s'ook “d \“m ^ 
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potcnUal purchasing power, calculate how many animals of one type 
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another (in milk, dry and young stock) would be needed to produce that 
milk on a year-round basis, and then bring in the ecological land-use 
survey to delineate the areas where this total productive livestock popu- 
lation could be maintained in a well-fed and healthy condition. 

TAIWAN 

Farmers now see the advantages of fodder crops for feeding to hogs 
and poultry, and are also developing grassland areas on sloping land. 
With the successful introduction of many tropical and subtropical 
grasses and legumes smce 1957, many demonstrations have been estab- 
lished jointly by the Joint Commission on Rural Reconstruction 
(JCRR) and the Provisional Department of Agriculture and Forestry 
with the co-operation of the Hsien Government and Farmers Associa- 
tion Agricultural Extension workers.(“®) Most have been established on 
relatively poor soils not suitable for crop production. As a result, over 
1,000 hectares (2,500 acres) have been planted since 1958. During 1960 
approximately 600 hectares (1,500 acres) were planted to improved 
fodder crops, chiefly Pangola grass (Digitaria decumbens). About 200 
hectares (500 acres) was planted by paddy farmers in small plots of 0-2 
of a hectare (i acre) to 1 hectare (2-5 acres) on dryland or sloping un- 
productive land adjacent to their rice fields. These farmers are utilizing 
the forage to feed cattle and have thus added another enterprise to their 
business. The manure is used on rice fields to improve the organic 
matter status and to increase yields. This development is spreading in 
northern Taiwan and by 1961 over 100 farmers had purchased dairy 
cows. Undoubtedly this will be the nucleus of the future dairy industry 
on Taiwan under agroclimatic conditions intermediate between those in 
the Philippines and Kyushu in Japan. Economic data relating to the 
feasibility of including milk production in typical fanm'ng systems in 
Taiwan husbandry are given in Chapter X. 

JAPAN 

Some distinction should be drawn between the other countries taken 
for case studies, and the major and minor islands of Japan. Most of the 
countries studied are primarily agricultural and are located in tropical 
and sub-tropical latitudes. Japan is an industrial country, an important 
factor in considering the incentive created by market demand and pur- 
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pal land, and for the so-called large-scale projects in the hill and 
mountain areas. 

Of the three major factors of the environment, topography, climate 
and soils, we should probably regard topography as the most important 
limiting or governing factor in deciding the location and nature of pas- 
ture and fodder development as the basis of an efficient dairy industry 
in Japan. Only about one-sixth of the land is cultivated at present, and 
is the source of most of the country’s plant food; what is done with the 
other five-sixths (and it is here where the greatest potentialities for pas- 
ture development are to be found) is of great national significance from 
the point of view of balanced land-use and the conservation of soil and 
water. 

The climate is a complex pattern of regional and micro-climates, 
governed by degree of proximity to the seas, cold and warm, that sur- 
round the country, by latitude and elevation, and by characters of 
general relief such as mountain barriers, land depressions, mountain 
shelters and degree of exposure to north and south. The land area comes 
under the alternate influence of moisture-laden, warm south-eastern sea 
winds in summer, and of raw, cold north-western winds in winter, in 
fact, an alternation between subtropical and subarctic conditions, be- 
tween the Pacific maritime climate with the Siberian continental climate. 

It is the length of the growing period of the grasses and legumes culti- 
vated as pastures and fodder crops that governs the whole pattern of 
farming and the nature of the livestock industry, and it is climate that 
governs that growing period. Since the duration of the growing period 
decides the balance between grazing and the conservation of plant 
growth during the growing season for the winter, it also decides the plan 
of the farm, the cropping system, and the methods of animal husbandry. 
Since most of the larger pasture development projects are in Hokkaido 
and at the higher elevations in Honshu, the duration and intensity of 
the winter period are of major significance in catering for dairy develop- 
ment. The large projects and the individual farms have to grow species 
and to adopt methods which will ensure the maximum availability of 
high-quality conserved fodder for the winter. The provision of grazing 
for the summer has to take second place to this primary demand. Fur- 
ther, the predominant pattern of distribution of precipitation is charac- 
terized by a summer maximum; as this frequently occurs during the 
haymaking season, the emphasis has to be primarily on silage for 
climatic as well as nutritional reasons. 

In view of the irregular nature or seasonal variability of the agro- 
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benefit of the pastures and to provide a cheaper form of beef as a profit- 
able adjunct to the dairy industry. 

CARIBBEAN AND LATIN AMERICA 
PUERTO RICO 

A quarter of a century ago, daily farming in Puerto Rico was com- 
mercially insignificant but today the income from milk and dairy pro- 
ducts is more than double the combined income from the two tradi- 
tional crops, coffee and tobacco.(**) Fluid milk is the only commodity 
the commercial production of which has increased steadily and con- 
sistently both in quantity and in value during the past decade. Com- 
mercial dairying represents a break from the traditional pattern of 
plantation agriculture, from the earliest Spanish and American ex- 
ploitive colonial commercialism towards a strong and independent 
agriculture, one of the first major productive efforts that have been 
made for the home market. 

The dairy operator usually lives on his farm, owns or leases the land 
he uses, and is often engaged in the production of commodities other 
than fodder for his cattle. The typical dairy farm is large, requiring con- 
siderable capital investment. In 1959 more than 80 per cent of all milk 
sold was produced on farms where more than half the sales consisted 
of livestock products and where total sales per farm exceeded ?20,000 
per annum (Table 31). 


Table 31 

Puerto Rico. Milk sold on commercial farms by volume and 
value, 19591’') 


Farm type 

Percentage 
of milk 
sold 

Econonuc Class of Farm 
Oass Sales in $ 

Percentage 
of milk 
sold 

Livestock 

8M 

1 

over 20,000 

80-3 

Sugar-cane 

15*8 

11 

10,000-20,000 

7-5 

General crops 

1-9 

III 

7,500-10,000 

1-8 

Coffee 

04 

IV 

5,000- 7,500 

3-1 

Tobacco 

0-3 

V 

2,500- 5,000 

5-0 

Fruit and nuts 

0-3 

VI 

1,200- 2,500 

1-6 

Minor crops 

02 

VII 

500- 1,200 

06 



VUI 

150- 500 

0-1 

Total 

100 0 



lOOD 
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and Melinis mimtiflora supplement the Guinea grass in commercial 
dairying. The Government ‘Programme of Pasture Improvement’ (1953) 
and ‘Unified Programme for Pasture Conservation’ (1960) were de- 
signed to help farmers to establish or improve high-quality pastures, 
with financial support for eradication of weeds, application of fertilizers, 
construction of fences for rotational grazing, pipes for watering live- 
stock, and silos, wells, molasses, tanks and milking parlours. Farmers 
receive $15 per acre (■= $36 per hectare) for planting the above grasses 
and another $18 per acre (= $43-2 per hectare) for planting tropical 
Kudzu (Pueraria phaseoloides). Most of the silos are concentrated on the 
dry south coast, where the annual drought lasts from December to 
April. A study of all dairy farms not classified as first-class showed that 
the daily output per cow was 5'8 litres on co-operating farms, compared 
with 3-4 litres on non-participating farms. 

Mechanization has made it possible to reduce the competition for 
fodder from draught animals. This trend has released a vast acreage of 
grassland for the livestock industry, and so far the dairy industry has 
taken up the slack. A great deal of meat is imported from the United 
States mainland, and an increase in the number of animals raised for 
beef on the island’s grassland may be expected. 

Production from the dairy herd has risen sharply, and indications are 
that the potential has not even been approached. It appears that the 
island can support a much greater number of animals, while the daily 
yield per cow continues to increase. The dairy herd rose from 74,000 in 
1940 to 96,250 in 1960, and during this same twenty-year span other 
cattle (exclusive of work oxen and milk cows) increased from 158,000 to 
182,000. Koenig(®*) predicts that the number of dairy cows in Puerto 
Rico could be increased to at least 275,000 head. At the same time, it is 
noted that at present only about one-third of the milk produced on the 
farms enters the commercial market. 

An estimate of average daily production was 5'41 litres per cow in 
1958-9, equivalent to 4,588 lb. (= 2,040 kg.) per cow per annum. This 
figure is close to the estimated average annual output per cow, 4,400 lb. 
(— 1,955 kg.), reported in a study of high-quality farms in the San Juan 
Dairy Belt in 1951, which then accounted for about one-quarter of the 
insular supply. Production of milk on licensed commercial dairies now 
averages between 5,400 and 7,400 lb. (= 2,400 and 3,300 kg.) per cow 
per annum.(“®) 

The system of marketing dairy products has also improved. 

‘In view of the favourable market conditions that exist in Puerto 
185 



DAIRY development: Country Studies 
RICO for dairy prod^. ‘“f ^dSt tf b“ anytto^ b“t 
:^i:So“lh\\uture of the dairy 

tensive activity witb a bi^ supplemrats the culuvation 

density of population Also, il . The Puerto Riuaa 

of sugar-cane, still the main crop densely populated 

dany mdustry should serve Certaiidy, not aU 

countries in the tropics that may - , ,1,12 to dairying are many , 

such areas wiU qualify, for conditions favourable to da .7 o%emmental 
they include, in addition to a My oc repon 

support m finance, education and J ,^te the Puerto 

eudotved with these potentials f “ Ugrieulture '(•>) 

Rican example and begin lU own revolution in tropical agr 


MEXICO 

Most of the dairy farms ^e'SoS Sed 

as Mexico City. Guadalajara. Monterrey and othem ^e me 
m management in these dairy distncts are in g"'™ “P 
based on the laust uehmcal developmenU Nevertheless, there renuuu 
ample possibihties for improvement p„. 

Over the past decade there has been a gradual m n 
duchon m Mexico, largely due to the bhshment of d^ f 
by pnvate enterprise m rural areas away from the ““be p 
The provision by these factories of a . j Although 

induced the farmer to mcrease the production from his h 
there is a significant mcrease m production m these m , ^ 

much to be done to create an efficient dairy mdustry S po 
pasture and fodder producUon and utihmtion, jcfl. 

dairy herd, and the prcvcnUon and control of ammal j^es 

cicnt or totally absent Although the milk compames a -unply 
makmg some effort to improve this situation in their PP 

areas, there is no doubt that a weU-organizcd and co-ordinated exw 
service could do much to make farmers aware of the benents 
denved from a change from their present tradiUonal methoi^ 

Apart from this need for increased efficiency and intensffica 
the dairy industry m the distncts with a secure outlet for milk, it 
also be desirable to establish addiUonal dairy factoncs m a 

a potential but undeveloped milk production Where the estabhs 
of these new factories adapted to local conditions and requirements 
186 


Dairy Development: Country Studies 

be combined with a programme of improved dairy husbandry conduc- 
ted by the Government or the dairy companies individualjy or jointly, 
it is possible to visualize relatively rapid results leading towards greater 
production to meet the increasing demand for milk. 

With the establishment in late 1962 of the Centro Nacional de Investi- 
gaciones Pecuaria, research on dairy animals has started as part of the 
work on animal research. This institution will fill a large gap in Mexican 
agricultural research, and will certainly play an important part in stimu- 
lating a shift in animal production, and not least in the field of dairy 
farming, from extensive to intensive systems of management. 

The Government of Mexico/UNICEF milk powder plant at Jiquilpan 
has a planned daily throughput of 125,000 litres. It has been estimated 
that this daily production is achieved during the rainy months from 
June to October, but that it falls to half this quantity during the dry 
season. Particulars regarding the climate, natural vegetation, land 
tenure and livestock have been provided by Teunissen,(i“) for the 
Jiquilpan procurement area, which is mostly within the State of Michoa- 
can, with a small mountainous part in the State of Jalisco. 

Temperatures are almost ideal for crop growth throughout the year, 
but the limiting factor is the well-defined pattern of rainfall with a dry 
season of 4 to 5 months from June to September. Climatic data are 
provided in Table 32 for two contrasting sites, Yurecuaro as typical of 
the lower part of the area, the Cienaga of Chapala at 1,500 m. above 
sea level, and Quitupan, a village at 2,000 m., typical of the Sierra. 

The soils in the mountainous part are mainly chestnut soils and black 
chernozem. The soil layer is generally thin and is interspersed with 
stones on underlying rocks of Cretaceous period and volcanic in type. 
In the old lake bottom, the so-called Cienaga of Chapala, most of the 
soils are deposits of the Lerma River. Some parts of the Cienaga have 
soils with a heavy compact structure which do not absorb water quiekly, 
crack when dry, and are difficult to work; other areas have impermeable 
subsoils which hinder root development and drainage, are strongly 
alkaline and deficient in calcium, requiring 2,500 to 3,000 kg. of gypsum 
per hectare; about 80 per cent of the soils in the Cienaga are more or 
less affected by salt — the black alkali may be improved by applications 
of sulphur and the correct use of irrigation water. If pbosphatic and 
nitrogenous fertilizers are applied (there is ample potash), good fodder 
crops could be grown. 

At altitudes from 1,650 to 2,000 m., natural pastures are found on 
what represents 36 per cent of the whole area. This short grass range 
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contains species of Bouteloua, Andropogon, Agwslis, Poa and Triseium. 
There is considerable encroachment of mesqnite (Prosopis julifiora, 
P. veluliita) due to mismanagement of land. During the first 6 to 8 weeks 
after the onset of rains, the nutritive value of this grassland is reasonably 
high and individual animals may produce up to 6 or 7 litres of milk per 
day. The pastures may be said to provide grazing for about 4 to 5 
months, but hardly up to the requirements of good dairy animals. 

When one comes to consider the fodder potentialities of the lower 
elevations around the lake, land-use and tenure become predominant 
factors (Table 33). 


Table 33 

Mexico. Land-use in the Jiquilpan procurement area 



Total 

Irrigated 

Residual 

moisture 

Dry- 

land 

Natural 

pasture 

Forest or 
unproductive 

Hectares 

Percentage 

190,220 

100 

29,560 

15-5 

4,312 

2‘3 

50,462 

26-5 

67,980 

357 

37,906 

19-P 


In recent decades the Mexican Government has given land to landless 
peasants called ejidatarios in a programme of agrarian reform. Much of 
the good land with facilities for irrigation was included in this redistri- 
bution, or these facilities were provided after the peasants had acquired 
the land (Table 34). 


Table 34 

Mexico. Distribution of land classes among smail landowners 
and ejidatarios 





Residual 

Dry- 

Natural 

Forest or 


Total 

Irrigated 

moisture 

land 

pasture 

unproductive 

Small land-owners 






Hectares 

59,585 

3,075 

956 

17,851 

28,711 

8,991 

Percentage 

Ejidatarios 

31-3 

1-6 

0-5 

9.4 

15-1 

4*7 

Hectares 

130,635 

26,481 

3,356 

32,611 

39,269 

28,915 

Percentage 

68-7 

13F 

1*8 

17-1 

20-6 

15-2 


The small landowners have holdings of 22'6 hectares compared with 
7-9 hectares for the ejidatarios, but of 2,639 small landowners 1,089 
have holdings of an average 5108 hectares. Some of the ejidatarios have 
irrigated (4 to 5 hectares), some have oniy diyiand or forest and pasture 
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rapid though limited results would be better management of the animals 
and more efficient use of the fodder resources now available: 

(a) selection of better animals and culling of the unproductive ones; 

(b) improvement in methods of rearing young stock; 

(c) improvement in breeding methods; 

(d) control of diseases; and 

(c) use of adequate and well-balanced rations based on feeds at 
present available. 

In many villages, the social standard of the livestock owners is related 
to the size of their herds. It may not, therefore, be easy to convince 
farmers of the need to eliminate from their herds all oxen and cows 
over 13 or 14 years of age or all the young male animals, even though 
this would make more pasture and feed resources available for the milch 
animals. 

It is estimated that an average of 6 litres per day per animal may be 
obtained under present conditions with improved feeding alone. A 
lactation of 270 days and a dry period of 150 days can be assumed (pro- 
portion of animats in milk and dry 9:5). To produce 125,000 litres per 
day, there would need to be about 21,000 animals in milk plus 11,500 
dry, making a total of 32,500; allowing for sick animals, difficulties with 
pregnancy, etc., 35,000 would be a safe figure for mature animals, with 
young stock amounting to 25 per cent or 8,750 animals. 

Even with these improvements the conditions are still far from opti- 
mal for a highly efficient and profitable dairy industry, nor is it possible 
to produce large quantities of milk at relatively low cost. When the dairy 
stock improve, feed resources should also improve, and vice versa. The 
ultimate objective, according to Teunissen, should be an intensive dairy 
industry based on high-quality fodder crops produced on the irrigated 
land of the Cienaga of Chapala at the lower elevation. An integration of 
dairy farming and arable agriculture should replace the present divorce 
of the two. This would result in that diversification in the pattern of 
agriculture which is agriculturally and economically desirable, and the 
replacing of the present soil-exhausting monoculture of maize and 
wheat by a well-designed rotation incorporating fodder crops, particu- 
larly lucerne. The growtli of this crop becomes much less in the colder 
winter season, and at that time maize conserved as silage during the 
summer rains should for three months take the place of lucerne in the 
ration. The dairy animals should rely less upon the natural pasture in 
the Sierra and the crop residues, and should remain at the lower eleva- 
tions tliroughout the year. The natural pastures may still be used dining 
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balauce, the cow would be eating too rusnirate mixture which 

“uoning of the kidneys « 

It IS proposed to use, at least the one g S ^ production, 

cats would be supplying all the protein Basing 

“ tot auy more b'e^'g provided by lueeme -f 

to calculations upon these “f 1 ^3 a would be needed 
what proportion of to irngable land in the C'cnag j 

for lu^eru^e producUou, plus some 600 
dunngto ramy season Some economy m expenditure 

would appear to be possible j , wit,r distribuUon of calvmg 

Beuerfeedingthroughouttheyearandabetterdistribuu 

dates should reduce to difference between ™ done m 

producuon from its present ratio of two to °h= . ^^stmes, the 

to direcuon of belter grazing management “ ^th, and re- 

provisiou of watering places, to eradicaUon ^mmend 

seeding and appbcation of fertilizers It is not rw 
irrigated pastures at to lower elevation, and all to effo^ erenmal 
fore be directed towards the incorporaUon of annual and p 
fodder crops, particularly legumes, mto the rotation 

GUATEMALA 

The Repnbbe of Guatemala, situated between 13"40' 
northern lautude and from 88"4y to 92"50' west longitude, has a 
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area of 108,889 km.“ and a population of about 4-0 million, increasing 
at about 3-8 per cent per annum. There is reputedly no country of the 
same size in the world which shows such differences in altitude, climate 
and population: from sea level to volcanoes of more than 4,000 metres, 
from tropical plains with local variation in rainfall from abundant to 
slight precipitation, to mountain areas with a winter period of several 
months, in which frosts are experienced, from very densely populated 
mountain areas to the thinly (less than 1 per km.^) populated tropical 
plain of El Petin. (Information for this Country Study contributed by 
R. Hewson.) 

The country can be divided into three main regions, lowland, central 
area and mountainous area. The lowland area is divided into three parts, 
the Caribbean plain, the plain of El Peten (both of which are sparsely 
populated and undeveloped) and the Pacific plain. The Pacific coast 
plain is possibly the most important agricultural area of the country. 
The lowland areas occupy more than 50 per cent of the country and 
about 10 per cent of the population live there. The central area occupies 
about 25 per cent of the area, with also about 25 per cent of the popula- 
tion. There are many farmed out lands and serious signs of erosion in 
these areas. Areas higher than 1,250 m. above sea level are considered 
to belong to the mountainous group. In general, these areas are severely 
dissected, and deforestation and erosion are serious problems. Though 
the mountainous areas occupy only about 18 per cent of the land area 
of the Republic, about 65 per cent of the population are located there, 
living by subsistence farming of small holdings. 

The economy of Guatemala is based upon agriculture, the principal 
exports being coffee and cotton. Because of a recurrent deficit trade 
balance, attempts are being made to diversify from the two major export 
crops. Secondary industries are being established at an increasing rate, 
and stress is being laid on increasing livestock production to meet export 
needs, and the requirements of the growing population. 

Economic activity has increased rapidly in Guatemala in the last few 
years. During 1964, for instance, there was a 7’0 per cent increase in real 
gross domestic production and a 9-9 per cent increase in the gross 
domestic income, according to preliminary estimates of the Banco de 
Guatemala. More than a quarter of the improvement in gross national 
income resulted from an improvement in export trade, especially trade 
in some of the export crops. Exports rose from about 530-4 million in 
1945 toabout 51 14-5 million in 1962. Importations also rose,from 523-3 
million in 1945 to about 5135-9 million in 1962. The latest indications, 
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The milk situation, is also rather unsatisfactory. Total milk production 
in Guatemala is estimated at about 420,000 litres per day. With a popu- 
lation just over 4-0 million people, this is a mean availability of about 
OT litres per head per day. In Guatemala City, consumption has been 
estimated at about OT litre per head per day, and in some of the smaller 
towns consumption was checked to be about 0-05 litre per head per day. 
These figures are for fluid milk; in addition to this a large amount of 
imported milk powder and dairy products is consumed. With the ex- 
ception of milk in Guatemala City, fluid milk consumption is entirely 
of raw milk produced and distributed under most unhygienic conditions. 

In Guatemala City, a daily total fluid milk consumption of about 
62,000 litres per day is estimated. Of this amount 18,000 litres, or about 
40 per cent, are pasteurized milk of good quality. The pasteurized supply 
is marketed by four companies: 

Litres per day 


Foremost, S. A. 10,000 

LaPradera 11,500 

La Modesta 3,000 

Asuncion Mita 3,000 


One new plant. La Palma, is scheduled to commence operations in April 
1966. 

There are no laws in Guatemala which prohibit the sale of untreated 
milk, or control the sanitary facilities of the producers and distributors. 
Furthermore, there is no organization such as a National Milk Board, 
and no group advertising for milk and milk products. No school feeding 
or subsidized welfare feeding organization for fluid milk exists. Retail 
prices in general are about 30.20 to 50-22 per litre for pasteurized milk 
in cartons and bottles, whereas raw milk is sold on the streets from $0-15 
to $0-20 per litre. 

One of the big problems is that the amount of milk which is available 
to the pasteurizing companies does not meet demand, especially in the 
dry season. For about three months, a 30 per cent reduction in supply 
is felt, and at this time the pasteurizing plants experience great difficulty 
in obtaining milk supplies. It is precisely during this period that pas- 
teurizing plants have the opportunity to expand their market, since the 
supply of raw milk sold in competition is reduced and more expensive. 
The prices paid by pasteurizing plants for milk supplies are from 50*10 
to 50-14 per litre delivered to the plants. 

Many areas of Guatemala are eminently suitable for dairy farming 
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The donations are handled by the Cathoho Relief Services, the CARE 
organization of the U S A , and are used for social welfare work, in- 
cluding the supplying of hospitals and schools with mostly skim powder. 

Milk products m Guatemala must also take account of the general 
picture m all Central American countries, which will soon have a 
Common Market system in operation In this respect, only Costa Rica 
IS a substantial producer of milk powder, sufficient to meet the internal 
requirements of the country Costa Rica also plans to set up a conden- 
sing operation. The remainder of the other Central American Common 
Market area (including Guatemala) import annually about $6 0 million 
worth of dairy products of which powder accounts for about 12 0 
million kg per year There are good market possibihtics to reduce this 
vast importation 

In view of this, one plant has already been estabhshed in Guatemala 
to manufacture milk products, and another is in an active stage of study 
The projected production of both plants at capacity would not be suffi- 
cient to satisfy market demand within Guatemala The first plant re- 
sulted from an agreement between the Government of Guatemala and 
FAO/UNICEF m 1955 Originally this plant was designed to manu- 
facture non-fat milk powder, butter and fiuid rmlk There have been 
many difficulties, however, with this plant, and it became operational 
only m April 1965 The plant is built at Asuncion Mita, a valley lymg 
close to the border with El Salvador, 150 km south-east of Guatemala 
The climate is hot, maximum temperature 34° C , minimum 12° C 
There is very httle dew and a relative humidity on average of about 70 
per cent The area is at about 500 m elevation There are two distinct 
seasons of about equal duration, and a total rainfall of about 1,100 mm 
The dry season is rather severe, and the origmal mtention was to set up 
a complete irrigation system for the Asuncion Mita valley To date, how- 
ever, only a pilot irrigated area of 450 ha has been set up In 1963, the 
whole project was investigated by a team of consultants, who reported 
that the development of the Asuncion Mita irrigation system would 
probably not be economically feasible, and should be deferred unbl the 
full development of the southern coastal plain had been completed 
There are in the Asuncion Mita area about 15,000 head of cattle of 
which some 6,800 are regarded for stabstical purposes as being millcmg 
ammals The mean yield per cow is reported as being about 2 5 litres 
per cow per day The plant was in the building stage from 1956 to 1965 
and equipment has been provided by UNICEF for a daily milk-diying 
capacity of about 30,000 litres per day In the first year’s operation, 
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are thought most appropriate for dairy development, since there is a 
great demand for organic manure by the farms, and the coffee farms are 
mostly large, well run and with sufficient capital reserves to purchase 
equipment and livestock. This plant would probably be established by 
the Asociacidn Nacional del Cafe, with the approval of the Government 
of Guatemala, as one of the means to alleviate the problems caused by 
over-production of coffee. The plant would be controlled by a producer 
co-operative company sponsored by the Asociacidn Nacional del Cafe 
from the start, assisted by technical staff and extension services (includ- 
ing an artificial insemination service) supported by the Asociacion 
del Cafe. The planning of this scheme has reached an advanced stage, 
and it was anticipated that the plant would be in operation by the end 
of 1967. 

In general, therefore, Guatemala presents great opportunities for 
dairy development. Lack of organization, extension and technical ser- 
vices have so far limited the speed of this development. The great in- 
crease in economic activity, the prosperity of the country, and the 
establishment of the Central American Common Market offer excellent 
market prospects. Difficulties of over-production of coffee and cotton 
will emphasize the role of animal husbandry, and livestock production 
as a means of diversification is a key feature of the Guatemalan agri- 
cultmal scene. 


BRAZIL 

Two reports of assignments directly or indirectly related to dairy 
development are available. The first (July 1958 to March 1961) was in- 
tended to develop and increase the production of milk, to improve its 
quality and lower costs of production in the area supplying milk to the 
UNICEF-aided milk-drying plant at Pelotas.(®“) Tliis city has a popula- 
tion of about 90,000, and is situated in the centre of a rich region for 
the production of agricultural and livestock products. The climate is 
mild temperate, with an average anmi.n1 temperature of about 17“ C., 
and a fairly well distributed rainfall of 1,200 mm., with drought periods 
rarely lasting for more than two months, in January and February. 

The absence of a reliable market has limited dairy development, but 
so has the isolated life of the rural people, the absence of any contact 
with technical personnel, and of any credit facilities for small farmers. 
Naturally, farming systems are most inadequate and old-fashioned. 
There is practically no recommendation regarding milk production that 
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tion of silos and other equipment may best be done with the help of 
co-operatives. 

It is desirable to reduce wherever possible the use of cotton-seed cake 
in favour of feeds produced locally. If the dairy industry is to be ex- 
panded adequately to meet the nutritional demands of the people, it 
must be less dependent upon supplies of concentrates over which it has 
no control. Moreover, the supply of torta de algodao (cotton-seed cake) 
mainly from Ceara will soon become insufficient and certainly uneco- 
nomic. 

It is important that the programme of dairy development should be 
directed also at the small farmers of the agreste in such a way that the 
correct integration of livestock with food and fodder crops may become 
an established farming system associated with the full utilization of 
animal manure. These changes are essential to restore soil fertility in 
this densely populated area, and to increase the yield of the adapted 
food crops. 


CHILE 

The average annual consumption of milk per head of population is 
90 litres, considered to be a relatively high figure for a population with 
a low standard of living and purchasing power,(’®) According to the 
National Development Plan, this consumption should increase to 120 
litres per head in 1972. 

Milk for fluid consumption is produced mainly from the areas within 
150 to 200 kilometers of the large urban centres of Santiago, Valparaiso 
and Concepcion (total population about 3 million). As the winter-rain- 
fall climate of these areas is characterized by six to eight months of 
complete drought, irrigation by water from snow-fed rivers is widely 
practised. Milk for industrial purposes (manufacture of dairy products) 
is also produced to some extent on irrigated land, but more extensively 
in the high rainfall area of the Central Valley, between 38° and 41° Lat. 
South. 

The province of Nuble is in the central-southern zone of Chile, 
Lat. 36°19', Long. 72°02' (position of capital of province, Chilian). The 
region has a warm temperate climate with distinct wet and dry seasons; 
zones with similar climates in North America are Portland (Oregon) and 
Vancouver (British Columbia). There are five distinct regions in the 
province: 

(1) Coastal, mainly rolling country; 
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(2) Coastal Mountain; - . ^ 

(3) Central Valley, flat and mostly irrigated, where most of the i 
sive agncultute is earned out; 

(4) Foothills of Andes, and 

(5) High mountain region of Andes. n,«aresV 

The areas under the different land-use classes are (in 

arable 557,000, natural pastures 190,000, bush 198,000, ^ 

regrowth 136,000, and forest 30,000 The area under ttngauon i 
93,000 hectares, mostly under cereals, maize, sugar-beet and so 
improved pastures Most of the area under pastures is composed ol ve^ 
poor native species with a short growing season m spnng and J 
affected by summer drought and heavy winter frosts The mam com- 
ponents are Fesluca acanlhophylla, Polenum sangutsorba and speaes 
Erodium, PUmtago, Lohim, A\em, Euphorbia, Lupinus and Baplim 
Improved pastures have been established with TrtfoUwn pro 
T. repens (including Udino), T sublerraneum, T mcarnatum. Lolium 
perewie, L itahcunty Medica^o sativa (Cahverde) and Festuca prate^i 
(Kentucky 31) CUmate still causes senous UmitaUons m pasture 
growth, the area of improved pasture is very small but is mcreasmg 
rapidly. 

The total number of cattle is 136,000, of this total 60,000 are cow , 
and one third of that figure (20,000) dairy cows Most of the cows are 
European-type Holstcm Fnesian, followed in numbers by Amencai^ 
type Holstein Fnesian, German Red and "White, Dairy Shorthorn an 
local native ammals with some Fnesian blood Artificiiil msemination is 
provided to 79 dames, 2,700 cows per year or 1 3 5 per cent of the total 
population Shortage ofqualifiedstaffis the factor limiting this work. 


Table 35 

Chile Size of farms in ffuble province {20,670 farms m the 
hands of /5,/JO onnerr) 


Fum size 
(u> bectares) 

Number 
of fanns 

1- 20 

10,138 

20- 100 

3,488 

100- 250 

1,143 

250-1,000 

175 

1,000-2,000 

144 

2,000-5,000 

47 

over 5,000 

25 
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The last two groups have very large unproductive areas of land. Cur- 
rent studies of Land Reform are devoted to the solution of the problem 
of land ownership on the basis of rational and economic criteria. 

Improvements in feeding practices have not kept in step with im- 
provements in breeding. In more intensive and semi-intensive enter- 
prises, the feeding in the summer season is based almost entirely upon 
the grazing of both natural and sown or improved pastures. The animals 
remain on the pasture night and day, and come to the milking shed 
twice a day for milking. During winter, animals are usually kept in 
the shed during the night; as there is virtually no grass on the pastures, 
feeding has to be based upon varying amounts of hay, silage, sugar-beet 
leaves and tops, green oats, wheat straw and some concentrates. Hay is 
of natural grass cut too late and therefore of low nutritive value. Silage 
is made from maize, grass and sugar-beet leaves. Hay and silage, green 
oats, sugar-beet leaves and tops and concentrate are used only in the 
larger dairy farms, not in small or seasonal dairy farms. 

Sugar-beet has become a very popular crop giving 30 to 40 tons per 
hectare; it is a valuable winter feed but requires to be supplemented 
with adequate amounts of calcium, and the Ugh content of oxalic acid 
must also be considered. There is an increased interest in concentrates 
in the feeding of dairy cows, but most farmers find them too expensive 
to be economic. Sugar-beet pulp may be used to some extent. 


Table 36 

Chile, Throughput of Nuble Co-operative 


Year 

Litres 

1957 

980,284 

1958 

1,205,703 

1959 

2,643,793 

1960 

4,302,685 

1961 

9 , 066,535 

1962 

9,933,498 

1963 

12,749,720 


It receives milk from 192 dairy farms or members, from distances of 
76 kilometers south and 95 kilometers north of Chilian. The monthly 
average received at the plant in 1963 was 1,064,560 litres, ranging from 
1,742,689 litres in December to 668,322 litres in July. 

Factors limiting development of tlie dairy industry include the 
Government policy with regard to prices, loans and imports of powdered 
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milk The price is fixed for pohtical reasons because of the influence tbs 
has upon the cost of Uvmg, this is having an adverse effect upon de- 
velopment and farmers are at the moment tending to change to other 
forms of production Loans are difficult to obtain because of the 
administrative procedures, and the delay in becoming effective , readjust- 
ment of loans creates further difficulties because of the senous mflaUoti 
Imports of powdered milk from USA and other countnes may help 
to meet the national defiat but they involve large amounts of foreign 
exchange Being subsidized it is impossible for the local product to 
compete. 


Table 37 

Chile Chilian — summary of records from thirty three dairy farms, 
2963 



Litres 


Annual production 

4,397,873 


Averase monthly production 

365,489 


Average daily production 

12,216 


Month of highest production — December 

554,179 


Month of lowest production— June 

271 918 

629 

Percentage of cows in milk to total 


Annual average number of cows m milk 


1,330 

Annual average number of cows 


2,112 

Daily average production per cow m tniifc 

91 


Daily average production per total cows 

57 



Climate is also a limiting factor because of the dry summer season and 
very cold winter The condition of the cattle on the poor natural pas- 
tures becomes very low in the winter There is great scope for pasture 
improvement and belter utilization and a need for a better standard of 
grazing management Nutritional defiaenaes affect the development of 
improved animals Animal health is important m relation to the very 
poor health of the dairy animals m the winter 
The local staff state that it is necessary to make a thorough study of 
all the problems related to the dairy industry in Nuble province, par- 
ticularly livestock improvement, animal health, size and type of farm 
umts, and every aspect of pasture and fodder development 
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AFRICA SOUTH OF THE SAHARA 
GAMBIA 

An assignment was conducted from October 1957 to September 1958, 
to review in particular the existing practices in animal husbandry with 
a view to their improvement and integration in a system of mixed farm- 
ing, and also the local fodder resources and the possibility of intro- 
ducing drought-resistant species. The report(^‘) thus contains much in- 
formation directly in line with the main thesis of the present publication. 
Workers in other West African countries along the fringe of the Sahara 
will be able to decide whether the conclusions made and techniques 
recommended for Gambia may apply to a wider area. 

Gambia is a narrow enclave 200 miles long by 13 to 30 miles wide, on 
both sides of the Gambia River. Of the total area of 2,561,000 acres, 
some 1,767,000 acres are considered as potential arable land. The human 
population is about 278,000. The cattle population (1958 Census) is 

143.000 (32,881 under 2 years, 19,466 bulls and castrated males, 90,368 
cows over 2 years); thus there are 5-6 head per 100 acres of total area or 
8-1 head per 100 acres of potential arable land. In addition there are 

50.000 sheep, 75,000 goats, 4,300 donkeys, 200 horses and 227,000 
poultry. 

The climate is semi-arid, with a short rainy season starting in June- 
July and ending during October. Average rainfall is about 42 inches, but 
there is a wide annual variation. The rainfall is erratic and unevenly 
distributed, beginning with violent storms and heavy showers followed 
by a spell of one to three weeks of drought before a period of more 
even rainfall in August and September. 

The principal upland crops are coos (several varieties of Guinea com 
and millet), groundnuts and hndo (^Digitaria exilis), occasionally cow- 
peas (interplanted in coos), and maize, the latter as a rule in a fenced 
part of the compound. 

The attitude towards cattle husbandry varies very considerably among 
the various tribes inhabiting the Gambia. The Fullah are the principal 
cattle-owning tribe. There appears to be an almost mystical association 
between these people and their cattle which has existed from time im- 
memorial and which does not appear among any of the other tribes. The 
largest tribe, the Mandinka, has not been traditionally accustomed to 
keeping cattle, but this attitude is now changing. Many Mandinka own 
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herds which are tended by Fullahhetdsmenorev^b^^ 

Uibe Th=.nfer.orstamsofcat«eov™^ ^e 

Mandmka IS reflected m the poor feru y ^jj^ 

Wolofdonotdtshkeeattlehusband^^ 

employ FuUahherdsmento tend theirraW ^„„tti- 

3,000 in number) to the majonty of disposal of mule 

bate Investment is usuaUy in "am of age 1 4 6) 

ammals (proportion of males and ^ Social standing and 

The ownership of catUe is, however, worth of the animals 

,s often valued as such, irrespective compound, worked by 

The farming unit in the Gambia th y a„d 

the compound owner, his mother, posMby b^th^^ 

children Recording to infection ob It can therefore be 

»ere 26,329 such “mpounds m the P^o^^ ^ 

assumed that there IS an average of5 Stead 01 P f potential 

If It IS assumed that only 20 per cent of the Juon m a 

arable land is cultivated aunuaUy, the avejage only the 

compound is about 13 5 acres which te ^ niamtenance 

farmer and his family, but must contnbite towards me 
of the average figure of 5 5 head of catUe ^“e, ’ local 

of their subsisunce from unculuvated land “ ^ yitonment. 

Gambia catUe of the N’Dama type are well adapted to the 'o 
provide good beet carcass, and are doede and “wde 

Vir yield, though small, is sufficient to rear a ‘ ^olect 

some surplus tor human consumpUon It ' ^Jog their 

supenor animals capable of a higher milk yield while retainmg 

“tn"e^'mniendations made m the Report;-) 
to other countnes m the region, those relating to the terms 

A sytemauc sod survey along the Gambia ^ver und 
tributaries should be earned out Lines should be ffihen at i 
and approximately at nght angles to the nver so Uiat .^, 0 - 

the principal sod belts Soil samples should be taken at intervals S 

these lines ,, the 

An expenmcntal programme should be desired to ^ 
most suitable crop rotations for Gambian condiUons _ 

should include at least one leguminous or grass-legume ^ 

The value of fodder and shelter trees should be mvesUgateo 
planting should be earned out on the contour 
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Investigations should be carried out to discover the most efficient 
means of conserving and distributing animal manure. 

Every effort should be made to ensure that crop residues, and in 
particular cereal stovers and groundnut tops, should be fully utilized 
as animal feeds. Experiments should be initiated with leafy varieties 
of these crops with the aim of obtaining the maximum total benefit 
from the crop. 

The advisability should be considered of abandoning rice mono- 
culture on banto faro land and adopting in its place either the legu- 
minous fodder crop or a rice-legume rotation. 

Full use should be made of the brans and polishings of coos and 
rice for feeding to livestock. 

Reference should be made to the existing aerial land use maps as 
an aid to determining the total areas nnder various crops, the residues 
of which could be utilized for livestock feeding. 

A number of herds of cattle owned by intelligent and progressive 
Fullah should be selected as cattle improvement centres. The cows in 
these herds should be divided into three groups as good, medium and 
poor milk producers. Breeding bulls should be seleeted from the pro- 
geny of the good producers and all bulls derived from the other groups 
discarded. The female progeny of the poor-producing group should 
be discarded. 

For the cattle improvement herds, and eventually for all herds, a 
definite breeding season should be introduced, so that additional 
advantage can be taken of feeding stuffs when they are available in 
good supply. 

The N’Dama cattle imported from Sierra Leone in 1955 should be 
distributed as follows: The cows with two bulls should be used for 
pure breeding in a Department of Agriculture herd, where their pro- 
ductive ability would be compared with that of a similar herd of 
indigenous cattle. The remaining bulls should be sent to three or four 
herds in an isolated village in the Kombos. If the progeny of these 
bulls prove to be superior to the indigenous cattle, an upgrading 
programme should be initiated. 

For the purpose of providing milk to Bathurst, the introduction of 
European milk cattle for crossbreeding to the local stock should be 
considered, on the assumption that the crossbred cattle would be 
maintained in well-managed Government or private herds and not 
distributed indiscriminately. It is suggested that the Yundura Research 
Station would be a suitable site for this crossbreeding work. 
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The development of 

couraged with the spraal P“'^ traders and moneylenders, par- 

of the necessity of faUmg into co-operaUve socieUes shotild 

ueularlydunng the mmy season “ ^ oduce and the 

raiuali; be confined to "f, ™gLeasures for the 
acqnisiuon of farm implement, ete Ata temr s^^ 
provision of agncultural credit s on Gambian agnculture 

It IS essential to the proper «“““‘„°ilonld be esUb- 
that a comprehensive system of aU weather roaos 

Tis recommended that ox P-ouEJ-S SeTf^nl 

than tractor plonghms as an alterna „„raee the farmer to 

ments The fosunng of ox ploughing w E ^^^ttuig 

raaintain his ammals on his own -„ducts, such 

them to a communal herd, thus P am- 

as milk and meat, in addition to the benefit to his crops tnr g- 

“EJ^^ffort should be made to P^“ °ra ur^Tf 

munal herdmg of hvestock, which results in the <i'P'« ’ f ^le 

plant nutnenS, of the land of the vdlage to the benefit of that 

herdmaster on which the cattle are kept at mghL 

Water points should be established to provide ai^ 
siderable areas of grazing which are at pre^nt ^^^ar 

A comprehensive cattle census should be ° „_-^of 

intervals so as to give a sound statisucal basis for the deve p 
the animal production programme 

ETHIOPIA 

The agncultural area lies on the high plateau 
m with a productive sod and adequate ramfaU of 1,200 to 1,8 
In spite of latent productivity, the agncultural economy is n 
veloped and meets only the needs of the peasanU for self-suffimen^ P 
the producuon of a few cash crops TradiUonal, pnmiUve tK q ^ 
with the use of century-old types of implements conunuc me ^ 
mainly m large, pnvate properties The staple cereal, jn. 

grown at high alutudes and wheat, barley and green sorghum a 

ludes over 3,000 m. «trt.tefL 

The country is nch m livestock, but this resource is scarcely 
According to a 1962 estimate, there v. ere then 25 milbon cattle, 24 
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Uon sheep and 18 million goats, a total three times that of the human 
population In addition, there are several milhon donkeys, mules, horses 
and camels Livestock is a good source of income, providing hides, 
sheepskins and goatskins and the recent estabhshment of a National 
Livestock and Meat Board has led to the export of frozen and canned 
meats 

The improvement of livestock should be among the primary measures 
for the economic development of the country, as this could provide a 
most important source of growth of the national product and com- 
pletely change tlie inefficient and tradition-bound economy It is difficult 
to estimate milk production accurately, but it was roughly estimated in 
1960 to be about 900 million htres or 45 htres per head of population 
per year The average milk production per cow is about 1 or 2 litres per 
day, although yields from the animals of the nomadic tribes which use 
milk as food probably average 3 to 4 litres About half the milk is con- 
sumed fresh on farms, largely by children, and certain quantities are 
marketed in the cities m the form of liquid milk, butter and cheese The 
remainder is fed to hvestock on farms or wasted 
There are two existing imlk plants in the region of Eritrea, namely, 
the milk plant in Asmara, which is run privately by Italians, and the 
most modern farm at Elaboret, 50 miles north of Asmara, established by 
Casciani and de Nadi This farm is primarily concerned with growing 
citrus, but a few years ago 600 cows, mostly Friesian and Ayrshire, were 
imported from Kenya, primarily to supply organic manure for the soil, 
with milk as a by-product These cows now produce about 4,000 to 
5,000 litres per day The products of both these dairies are very expen- 
sive and quite out of the reach of the lower income groups 
The development of the Shola Ber Daiiy at Addis Ababa is a particu- 
larly interesting example of the growth of a milk plant in successive 
stages from a pilot project to a modem milk processing plant in a de- 
veloping country without previous cxpcncnce in the dairy industry The 
step-by step development of this milk scheme reflects the efforts of 
domestic endeavour assisted by UNICEF/FAO This dairy is supplied 
with milk from one Government and one Impcnal farm The plant itself 
IS located on the Shola farm of 75 hectares on tlie outskirts of Addis 
Ababa, which has 300 cows of which 120 arc good European milch 
animals The production of the farm is, however, low 

It IS not known how many cows arc crowded into the city stables in 
Addis Ababa, but the area around the city on the highlands is densely 
populated with livestock, as climate and soil arc favourable for this type 
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ofdevdopment Cattie are 

numterandm.lkproductioEatenotknow 3,„ous 

pastures, where year round > P *> Productivity of 

problems of water supply, * IZ to the breed and to the 

the ammals is, however, very , pastures A great de 

inadequate supply of so\d to the horse and coW 

of ha^is transported into Addis Ababa to ^ao^ 

stables, instead of its bemg used on the farms tne 
KENYA 

Over two thirds of the country has and other crops 

and grazing is the only P““*'° Province On the coast the 

are grown m the highlands and i y highlands have two 

monsoon season is from Aprd to ^ ^ African 

rainy penods, March to May mober to De^ 
peasant agriculture consists largely of to , j aanculture of 
^ats, soStum, “tXlaent rainfall 

the European setUecs was developed “ ™ hvestoek with the 

m the highlands, and is concentrated primarily on u 
cash crops, coffee, tea, cotton, sisal, etc alarcepopulaucn 

It IS estimated that tore areT mdUon head of cattle, a larg p p 
of sheep and goats, and 250,000 camels Milk 5’='^ “ f mdi^uous 

According to a recent estimate, 3 miUion r [ equals that 

ongin produce 225 million hues per annum and this outp q 
from Ly 320,000 graded female st«k f E^o^^^^'^tictons 
milk producuou in Kenya is esumato at about WOW met 

■With the present rate of growth of populaUon, the ^ Jmptoms of 
coming msufficient and has seriously detenorated, ^ the 

protein mabiutntion and kwashiorkor have develop . ^ontry 

faimhes owningbvestock The shortage of animal pr pnrohasmg 

as a whole, however, is said to be primarily a problem of low p 
power and distnbuUon m the 

Qmte different conditions obtain among Euto^n . 

highlands, which is to basis of to Kenya dairy industry Thi 
developed over to past forty years and dairy fmmers “ pod 

to form to Kenya Co-operaUve Crcamencs, Ltd At to preren 
of pobucal uansiUon when about one third of to 
hav c left Kenya, a reducuon of to nauonal dairy herd imd of to 
output IS nouceablc In to mixed farmland area of 3 miuion 
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1 million acres have already changed hands. Some of the large farms 
have been broken up by the Settlement Scheme into small farms of 7 to 
8 acres. More recently, most farms have been taken over by the newly 
established farm co-operatives, without fragmentation into small hold- 
ings. 

According to the 1960-3 Census, the national registered dairy herd 
declined from 417,000 to 332,000 head, the decline being mostly in 
heifers and heifer calves which were widely slaughtered at the time of 
change of ownership. The production of milk for organized markets 
declined by 6 per cent between July 1963 and July 1964, while in the 
previous year it had fallen by 3-7 per cent. It is expected that the tran- 
sitional period will pass in two years, and that milk production may then 
recover. The Government of Kenya is making all possible efforts to pre- 
vent a further decline in livestock development. Cattle could become the 
backbone of agriculture, since 80 per cent of the available land is suit- 
able for dairy farming and beef ranching. An official of the Kenya Dairy 
Board has stated that ‘for the next six or seven years upwards of 65 per 
cent of the muted farming section of the agricultural industry economy 
is going to be derived from dairy fanning and beef ranching’. The 
Government plans to expand milk production considerably, both for 
the internal market and foreign trade. 

MADAGASCAR 

The International Dairy Federation has issued a questionnaire on the 
production, collection, transport, processing and distribution of milk 
and dairy products in tropical countries. A copy of the reply relating to 
the dairy industry in Madagascar has been provided by the Director of 
the Bureau Central Laitier, Roger Armaing,0 at the request of M. J. 
Pagot of the Institut d’Elevage et de Medecine v6t6rinaire des Pays 
tropicaux, Alfort, Seine, France. 

The zone of milk production corresponds approximately to the region 
called the High Plateaux, on the central axis Tananarive-Fianarantsoa, 
with two main concentrations, the more important being within a radius 
of 30 to 40 km. around Tananarive, the other being on the axis Ant- 
sirabe, Ambositra, Fianarantsoa. There are also other centres of pro- 
duction in the region of Lae Itasy-Saky, around Lake Alaotra, and 
around the main towns (Diego-Suarez, Tamatave Tulear) where urban 
demand has stimulated livestock farmers to some small extent to take 
up milk production. 
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Table 38 As the average altitude of the H ^ 

„ . the ehmate is t^aUvely temperate the 

chmate of the west coast There are ^ J ^ j November to 
High Plateaux, the southern hemisphere su”® d jbe 

Ap'm. with abundant rainfal in the form ^ ,bove 

southern hemisphere winter from y latter season is the 

all doer with a marked cessation “f The ’atter 

period when the livestock suffer much from lack of feed 


Table 38 

Madasmcar MeUo,oM>cat data for i ke nulk-producmg are^ 

— — Average 

rainfall 
in mm 


Areas and localities 


Tananame ana 
Tananarive 
Anvonunamo 

i4n»irfl6c*Fuw®'anwoa axis 
AnUirabe 
Ambositra 
Fianaraotsoa 

Alaotra area 

Ambohitsilaozana 

Other areas 

Dicgo-Suaiez 

Tamatave 

Tulcat 

Majunga 


TEMPERAttlRES IN 

Max Mm Mean 


227 

12 4 

17 6 

237 

118 

17 8 

232 

10 5 

169 

234 

124 

17 9 

237 

19 8 

217 

26 5 

14 8 

207 

31 1 

229 

27 0 

27 5 

209 

242 

29 8 

18 1 

240 

317 

222 

27 0 


1,271 

1,338 


1,442 3 
1,490 2 
1,004 

1,149 5 


885 9 
3,5664 
352 3 
1,525-0 


In practice, only the Zebu is used for milk production ^ 
of the Island (Androy and Mahafaly) there are about 230, OW goal 
200,000 sheep, but they arc kept only for the production of monair 

wool There arc about 8 million head of Zebu with cows m a propor 

of 30 per cent In addition, there is around Tananarive and on 
eastern border of the Plateaux a nucleus of pure and more J 

crossbred Normandy and Fncsian animals numbering about 
20,000 in all These arc in effect the only animals used for milk pro 
uon Apart from three or four livestock farms run by Europeans an 
which arc of negligible importance in the market, since they pro u 
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Definition of Targets 

,-r-(h 05 e who are responsible for the planning of 

T^tn a nlnd. re^onal or loeal ba«s 

1 from two eontrasting directions ^ y esUmate what 

coUeetcd by a survey of a “ j and to what level \ 

the actual production of milk is at the time f a regular \ ^ 

It might be expected to increase following e e animal husbandry aud | 

Lk«andtheinuodueuonof.mprove^^^^ 

breedmg, grassland management, fodder aponomy, ^jterna- 

of the potenual feeds and fodders m well- ^ myaaalrequire- 

tiveW, a calculation may be made of the reasonable n popula- 

ments in terms of htres of milk pet day of jjo,;,, fully and 

tions in the area concerned, one may *=0 ''I' , ^a,ry farming 

howrapldly that target rmghtbe achieved by ^specified 

into the pattern of land use and farming 

radius of the milk factory and its satelhte chilling ^ total 

In bnef, one expresses on the basis of a hvestoc are 

number of productive bovines of a given yield pet The 

needed to provide the daily planned input of the ^ p. 

speaahst in animal nutnuon then "“a r L^^riuremed, 
rienls for maintenance of the types and breeds of animals “ 
whether in milk, dry or powing, m relation to Utese 

the producuon raUon m relauon to their esUmated mi^yi=» 
mdividual requirements are muluphed by *e “tal 
ducUve bovine populauon to obtain the bulk yields 

fodders and concentrates The aponomist then states the aver g ^ 
per unit area to be expected in that repon, and so we come t t 
pression of hues per day input mto a rmlk factory m tc^ o 
number of acres or hecurcs of land needed to produce that ™ 
these requirements are equated with the available ^ m 

sources It wUl generaUy be seen that the achievement of the targei^ 
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terms of animals and land must become the objective of a vigorous pro- 
gramme of action directed to all aspects of crop and livestock produc- 
tion and improvement. A detailed study of this type has been presented 
by R. O. Whyte and M. L. Mathur in their companion book, The Plan- 
ning of Milk Production in lndia.(}“) The methods of calculating the 
productive bovine population, and also the feed and fodder require- 
ments for the total and the productive bovine population are discussed 
before targets are presented in relation to national milk production 
targets, milk plants of varying capacity, and new industrial communities 
with their higher-than-average purchasing power. 

I^ormation is then presented regarding the present availability of 
fepd and fodder resources for the dairy industry in acute competition 
^ith draught animals and poultry, particularly as far as concentrates are 
concerned. Whyte and Mathur discuss surveys of resources by different 
techniques and at various levels of intensity, e.g. milk procurement 
areas, an Indian State (Bihar),P“) a sample survey conducted by the 
Indian Institute of Agricultural Research Statistics, an animal nutrition 
survey, and surveys of conditions in Key Village Projects or Intensive 
Cattle Development Projects.^™) The book concludes with a detailed 
analysis of selected milk schemes in India. 

Too often milk processing plants are constructed in areas where the 
opportunities for milk production have been inadequately investigated 
and where the essential surveys of environment and of animal hus- 
bandry and fodder production have not been conducted by field officers. 
Even for established plants, the problem of expansion is certain to arise ; 
it is desirable to know to what extent this may be feasible, and what 
action would be necessary to expedite the development. By applying the 
relevant facts and principles to a wide variety of habitats, mainly in the 
tropics and subtropics, it becomes possible to define with a reasonable 
degree of accuracy the agricultural and livestock targets which must be 
attuned if a milk factory is to operate to its full or economic capacity. 

To obtain an expression of litres input of a milk factory in terms of 
numbers of bovines and hectares needed to produce that milk, the 
agricultural and livestock targets may be expressed as follows: 

(а) the total productive bovine population (in milk, dry and growing) 
that is required to provide a sufficient percentage of animals in 
milk at any one time to produce a given quantity of milk per day; 

(б) the total amounts of the locally available or potential fodders, 
feeds and grazing needed to feed this total livestock population 
at all periods of the year; and 
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(c) the area of farm or the average local 

fodders and grazing, taking viclds of the fodder crops 

standards of famung and the avemge y‘dds 

or the carrying ^ MtShUes for improvement of the 

It IS necessary to consider the p spaces m 

sod fertihty, the water their producuvity, 

the natural vegetauon, and . 4 management, improve- 

adapuhihty, possibihty of changem % “ading and mtro- 

men'ofsitLLnregardmgdisea^sand^P^-d^^^^^^^ 

dncuon of mote nd “Ihe fodlr is improved, better animals 

improvement go hand m hand, u preater investment and 

ate needed to provide an adequate return on J jsaty to provide 
cost of production. If the s" S pSahh- -» ^ 

a hi^et plane of nutntion so that it may ezpress f 

have been made for India, where the fnd the acreage 

requiremenu of concentrates and green and „ expressed 

of land that is needed to produce the green fodder, have been p 
CT able 39) in relation to five levels of milk production 


Mtllion litres 
per day 
1 


130 


Estimated throughput of milk plants in operation m In 

Planned imtial throughput of all milk 

sector m operation or under construction m 
Total rmlk production in India, based upon ^ 

made m the Umon Mimstry of Food and Agnc^t 
connection with the Key Village Progr^e (cal^^^ 
tion made by muluplymg number of buffaloes “d 
in milk by accepted average milk yields gives a dm 
figure— 30 milhon btres per day, see also Table a) ^ 

Amoimt required to meet the objective of 0 1 ^ ® 

ounces per head per day of total human populauon, 
Government of India target ,q 

Amoimt required to meet the objecUve of 0 25 kg o 
ounces per head per day, the figure suggested m 1 ^ 

the Nutrition Advisory Committee of the Indian (. 
Imperial) Council of Medical Research 
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India. Productive bovine population of varying performance, feed and fodder requirements per annum, the acreage required, 
for the production of milk to meet five all-India targets 
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^ e cft an -ind 130 million litres 

It must bsrecogniKil that the figures o . gpires 

pet day relate to a proeu^^^^^^^ 

represent that percentege of *6 m p o formerly FAO 

that a new mtlk fW^matSlhatmilk Bf 

Dairy Economist m India, has es produced m 

exp^t to collect imUally tthott ^ ^ producers), that 30 per 

thetr rural procurement area or m other ways, 

cent would continue to be sold th ^ domestic consump- 

and that 30 per cent would «main m J ^ ^ same figure 

tron A survey m the Ka.ra D.strra m percentages are 

for the amount retained in the '"““B ,, „e after the esUh- 

only rough estimates and the P'°P“Xe,lahl?pricc is paid regu- 
lishment of an assured market and when a r . f' ^ progressively 

Url”to the producer Some milk m the 

from the middlemen to the milk “he® Be that as it may. d ^ 

viUages. which is not an entirely dcsirahle resul “ total 

reasonahle to esumate that, under d«®ge ^^tove would 

amount of production involved under the first tw 
be 2,500,000 and 7,500.000 litres per day t«pecuve>y B t g 
Suis relate only to milk procurementareas,whichdo not by any 
cover the whole milk producing area of the country 

Surveys of Actual and Potential Production 

targets of daily throughput that are set These ph^“ a' 

(a) the Ume of the ongmal assessment or survey of an area m 
It IS proposed to establish a milk processing factory , 

(ii) the yod between the agreement to estabbsh a ^ ^ 

factory and the date that coUection in rural areas .jus 

(c) the period after collection has begun and the , , gas 

of a tegular market and frequent cash payments to prod 

No'^o'S'^ncey with the producUon phases of ‘^'‘'Se'in 
with all the agncultutal and anunal husbandry aspects that op 
the stages ‘up to the bucket’, can feel saUsfied with the scope “ ^ 

of detail of the surveys earned out to date This situation mig 
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improved in two directions. It should be possible to conduct a mote 
thorough pre-investment survey of tlie production phases even in the 
short time that is usually available. It is also desirable to make recom- 
mendations for a more detailed survey requiring more time to complete, 
one which would be undertaken by the national authorities according to 
their capabilities, to provide a basis for planning an action programme 
for the rapid stimulation of production by all possible means. 

One must be careful not to attempt too much or expect too much 
from rapid reconnaissance surveys. Many answers to the points in a 
questionnaire may be meaningless because the surveyor did not like to 
turn in a partially blank form, or the farmer did not like to admit that 
he kept no records and that he did not really know the composition or 
performance of his herd from that particular angle. The headman of a 
village will usually exaggerate numbers of good cattle and their pro- 
ductivity when it is known that the surveyors are going to adjacent 
villages as well. Government statistics do not always give quite the type 
of information required in a milk potentiality survey. For this reason, 
the initial rapid survey has to be followed by a detailed house-to-house 
and cow-to-cow survey if the basic data are to be available for the 
planning and financing of development. 

The surveys carried out in the Hyderabad/Vijayawada Integrated 
Project in Andhra Pradesh, India, were found to be well conceived and 
executed. In the Hyderabad milk procurement area, sixteen persons 
(vaccinators and veterinary assistants) operated in teams of four. Of 
the 240 villages in the Hyderabad Oistrict, 94 were surveyed along four 
main roads during September and October 1959. The teams interviewed 
individual farmers and also checked the flow of milk into the twin cities 
of Hyderabad and Secunderabad from various directions, counting the 
cans on cycles, buses and trains. These road checks confirmed the results 
of the village surveys, namely, that it is reasonable to expect to be able 
to collect 25,000 litres per day along the four main roads up to 30 miles 
from the city. The fact that the pilot factory at Rajendranagar has been 
receiving a daily average of about 7,000 litres from only part of the area 
surveyed is regarded as further confirmation of the potential input. 

In the Vijayawada milk procurement area, a team of twenty surveyors 
comprised the Project Supervisor, three veterinarians and sixteen enu- 
merators. This team has operated since 1959 and is still continuing with 
re-checking and elaboration of data. The enumerators lived in the vil- 
lages, interviewed every farmer, counted his animals, and noted the 
production from each animal. They also recorded the current utilization 
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1,386 vfflages covered obtained by oral survey. 

To assess the eorrectness of the stotis 
actual milk recording was undertaken ^ , ..j on the basis of 

covered by the oral survey These villages arc s jogree 

livestock populaUon. milk -or cent of the total 

ofeo-opemuon of the farmers A minimum ““„ioo opera- 

households in the selected villages is covered, more if the loca 
tion IS encoutagmg Fat testing is also done and must 

For the actual recording, two enumcrato B 

be present before milking starts, to corning 

moramgandevening,andtoUkesamplesfotthefattesti 

m fat test IS done at a central place, partly be 

farmers the standard upon which the P" of lactation 

based Three enumerators are charged w^ 'S^Iiors^work each at 
yields, 108 buffaloes being taken for this The ® am- 

one of three centres, and they have to ™ ^ enumerator has 

mal once a week and the fat test once a fortnight ,be 

to be present at the time of nulkmg This , ^t around 

estimated laeution yield of buffaloes in Krishna District at a 

2,000 lb (- 900 kg ) Me to equate total 

The results of the Vijayawada survey make affable 

bovine population and productive bovme populaUon wi 
reed and fodder resources, and provides strong support for the pou^^^ 
removing aU non productive animals from a milk Pt°=“™“ 5 ^ 

The cows m milk have been assessed at 30,000 , this repress 
cent of the total male and female cattle population, 

Government of India statistics-the total cattle population is th 
240 000, but milk from cows has been disregarded in planning p 
lect Buffaloes in milk are 120,000. and this represents 25 per «n 
the total buffalo population, on the aU-India average (VyayawacU > 
be better than this)— the total buffalo population is therefore 45 , 

But only 40 per cent of the imlk produced m the district is expeciea 

reach the factory it, nro- 

Contrasting with this, we have the survey of the Bangalore P . 
curement area m Mysore State which was done on a so-called 
samplmg basis, by statistical officers, not members of the Animal H 
bandry Department A first survey was conducted in 1958 by a te 
composed of a supervisor, two assistants and six enumerators in pa 
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of the area along the main road to Poona, 20 miles out from Bangalore 
and covering villages up to 3 miles from that road on either side. All 
households in all these villages were visited and information was collec- 
ted. The Chief Statistical Officer reported that the amount of surplus 
milk in the area appeared to be small, the rainfall is only 25 inches 
(= 635 mm.) per annum, there arc no good tanks or other sources of 
irrigation, and no buffaloes. Attention was therefore transferred to the 
region south of Bangalore where new surveys were conducted in 1961 
in a group of villages known to specialize in the breeding and main- 
tenance of crossbred cows. The results on which plans and estimates for 
the milk factory were based did not include house-to-house discussions 
by animal husbandry specialists with individual farmers, nor any weigh- 
ing of milk at milking time, nor any subsequent checking of the data 
initially recorded. Village leaders in selected villages told the survey 
team how many productive animals there were in their villages, the total 
milk production, and the proportion of that production which was sold 
out of the village and which therefore might be available for the milk 
factory. No checks were made on the access routes to the city to count 
milk cans on cycles, tongas, buses and trains. Reh'able data were not 
obtained on the cattle population of the area, although it is well known 
that any future dairy cattle population would have to compete at least 
with the breeding of Hallikar draught animals, of which the females 
are of no value for milk production. 

In Kerala, statistical officers seconded to the Dairy Development 
Department have carried out surveys around Trivandrum, Kottayam, 
Ernakulam, Palghat and CaIicut.(“-“) Generally about eight enu- 
merators worked for about five months around each centre, visiting 
households that keep milch animals up to a radius ot about 45 km, from 
the proposed factory. Around Trivandrum, three zones were recognized, 
within a radius of 15 km., 15 to 30 km., and 30 to 45 km. from the 
District Headquarters. The object of these inquiries was to study: 

(a) marketable surplus of milk within the specified radius, and urban 
requirements; 

(b) distribution of households according to the number of cows and 
buffaloes kept; 

(c) distribution of animals according to age, production, age at first 
calving, length of lactations and dry periods; 

(d) kind, quality and cost of feeds; 

(c) feeding and breeding resources; 

(/) marketing channels for milk, and price trends; 
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< 1 “':“°'' .1 .i.„,,nfMuntrvorconlrasungways 

These arc three 'L„iuction m a milk procurement 

of estimaung the factors P ,1^ type of staff conducung 

area, ditfcnng with regard to *J“^urvey, the agrarian struc- 
the survey, the duration and i y (village conununiUes )0 

tore in which the work has been h., own plot of 

Andhra Pradesh and Mysore, “^'^^“""“h ’ur^eys must adapt thein 

meaning 


Collection of Data 


With these reservations in mind, the daU J^ ’^tluea under 
00^“ include, with reference to the milk procurement area 

Study 

Basic agrochmatic data 
Tout livestock populauon 

Total bovine population . „nniilation 

Numbers, type and weight of producuve >=°vi^ P 
Percentage of total productive populauon n ^ at a y 
Average milk yield per animal on a monlMy P * ,4 and 

Length of life and number of lactaUons (hence total y 

lifetime productivity) mn«ihihues for 

Average long-term yield of best animals to mdicat p 

selection 

Average age at first calf 

Average interval between calvings ,„„l„d,„a dry and 

Possibihucs tor removal of compeUtive animals, including j 
young stock, from procurement area fpprfing 

What do good fanners obtain from average animals by go 

PoKibi^y'of ™luding milk rccordmg to facilitate effecUve culhng of 
low producing animals 

Area under different land use classes within the 

(forest, natural grassland, dryland cultivated, and imgate 
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Botanical composition, possible carrying capacity and length of 
grazing season of natural grassland. 

Size of cultivated holdings, and breakdown into percentage dry and 
irrigated, type of rotation, crop yields, acreage under cultivated 
fodders, availability of crop residues, numbers of livestock of all 
types per holding. 

Particulars of plans for development of further irrigation facilities 
and acreage to be commanded. 

Fodder crops likely to be adapted to the region, on the basis of 
experimental results. 

Availability of supplies of seeds and planting material. 

Nature and availability of the ingredients of concentrate feed mixes 
from within economic transportable distance. 

Nature and availability of supplies of hay from forest areas or other 
natural grasslands. 

Programmes of Co-ordinated Action 

After it has been agreed to estabUsh a nu'lk factory in a particular 
region, it becomes essential to provide the funds and to train the person- 
nel required to cany out a broad programme of action during the 
periods before and after collection begins and the stimulus of a reliable 
market and frequent payment comes into operation. 

The following points in a programme of action were prepared for 
India, but may be found to be applicable elsewhere, or at least to pro- 
vide a basis for work adapted to specific sites and conditions. 

(1) Decision on short and long-term animal breeding policies for 
the provision of productive dairy animals. 

(2) All dairy project areas to be taken for concentrated efforts by 
Animal Husbandry Departments. 

(3) Loans for purchase of better animals. 

(4) Removal from within the procurement area of all unproductive 
bovines, dry animals, sheep, goats, etc., that are likely to com- 
pete for the limited fodder resources. 

(5) Selection and breeding of improved fodder plants, particularly 
short-duration legumes. 

(6) Elimination of the practice of cultivating unpalatable green 
manure legumes in milk procurement areas in favour of fodder 
legumes fed through the animal and returned as dung and urine 
to the land. 
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nf dean seed and planting material free or at nonces- 

(8) Provision ot clean secu y 

sion rates in tbe mitial . hosphate for Icgmn^ 

(9) Subsidies Tor rertilizers, „eUs 

(10) Provision of pump j j,e provided on condition tha 

(11) Irrigation water ^ under fodder crops, or water 

a specified proportion of I f ^ fodder cultivation 

to be given at concession ”‘“^,“d-mixing units, hammer 

^‘^^SrX?rn“:Llar equipment to Milk Unions or 

( 13 ) ?;:?au:xrcl and m 

(14) Demonstrauons to show urg 

varieties, fertdizer practices, ^Ik at current 

( 15 ) Comparisons of econoimc returns p J nod ammals 

prices produced from fodder crops ^ ^ consideration 

lith those from food and c^h ^full return of dung 
also the effect of fodder '“'‘‘''“7/“'' » cash crops 
and unne to the land upon «hc yield of the n^ge of 

(16) Demonstration that the introduction o with full 

fodder crop acreage mto a cropping sy^^®' ^ kould 

return of dung and unne to the land, will not redu« an^ 
even increase the toul producUon of food and cas P 
their reduced acreage within the farm of fodder 

(IT) Instruction on animal feeding, balanced of con- 

calendars, maximum use of green feed and minim 
centrales 


Promotion of Dairy Farming 

Governments planning to develop a dairy industry \,„e 

fact that the farmers who are to take up dairy farimng fo 
require some financial support and incentive offered 

tedit m the form of loans or subsidies is required, and rmy B ^ 
for a number of purposes, depending upon circumstances It s 
noted that not aU these relate to dairy farming alone o„tures 

(1) Land clearance, soil improvement and establishment ol p 
(Japan, Australia) 
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(2) Purchase of better livestock, repayable in one to three years 
(India). 

(3) Pasture roads, cableways, etc. (Japan). 

(4) Ploughing up and reseeding of old grassland (Great Britain). 

(5) Seeds free or at concession rates (India, Japan). 

(6) Lime and fertilizers at concession rates (Great Britain, Japan). 

(7) Development of irrigation facilities (India, Japan). 

(8) Planting of fodder grasses and legumes (subsidy on acreage basis) 
(Puerto Rico, South Africa, India). 

(9) Subsidized price of milk payable to the producer. 


Kxtcnslon, Education and Research 

Who is to be responsible for initiating and carrying out the intensive 
programme of extension among the farmers in a milk procurement area 
Should it be the Dairy Project Administrator whose job it is to induce 
maximum production of milk from the collection areas “dder his c arge 
in the shortest possible time 7 Should it be the animal husband^ wr 
in the area who have the veterinaiy hospitals, dispensanes and artiflcim 
insemination centres? Should it be the fodder agronoimsts whose ob 
it is to demonstrate to cultivators the economic merits of growing cmt - 
vated fodder crops in rotation with the st^dard food and cash cr^ , 
and to follow np these demonstrations by the supply of ^ 
ing material at concession rates? Should it be the 
speciaUst who advises the livestock owner on how ‘o use fte ^ 
aid fodder resources at his disposal on the ^ 

Pertlipfthe ^‘tnclmton tot^Tn brdrawn from the discussion 

Se apSon of many scientific disciplines. One starts with road lay- 
out S decrrification and the planning of new irngafion schemes, and 
out, mral ele content or total digestible nutrients and vitamm 

contentrf fcSs Ld fodders. The production of milk up to the stage of 
ttfbuLet when what is usually regarded as dauy scienre comes into 
fetion is 'a combined operation if ever there w^ one. It c^ls for a 
•n J a‘^reement oq common objccUvcs and a degree of 

coilaboraton beweln departments and agencies which is all too often 
lackina in agricultural administration. 

How this is to be achieved must be decided by the Government m 
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w Wanket , 

uiunstouon of P">^“‘^^ 7 ^„tproductive under a system of mte 
land that beeomes more fertile ana pro UvestocK 

^.nn of erop and am^ >17^7^17;“ a oSl to make fodder 

rapable of giving ““SJ'f^k^'J nfinanaal return or pro W 

Jtivauonforthedairymdus^^m^a 

par unit area mth the food “d Xnsification of produetion and 

Se:e— 

nr— 

eollecung circle around a farto^ are governed 

•“X3=f'=v£“»xrrxx5S 

and the milk has to be earned by hand m on y ^ 

roads, possibly with a nver crossmg “ ' aham reacuon 

The concentrauoa of this ® * out to areas beyond the 

from these centres of intensive development o ^ niam- 

radmsofcoUectionofmilk 0 “‘ ^^foCstock. aud 

tenance of dry and pregnant ami^s jo/ders may be 

the fattening of male annuals for transportable distance of the 
grown and sold from within for hay, givmg 

Llk collecuon areas Forest ^^“reduction of seed 

employment m more remote areas Farms P the concen- 

may set up Thus a far greater area ^ benefit from m 
trated extension effort that is made m ° fanners on the fringes 
producuon m the milk procurement ar^, die day 

will become Uamed and expenenc^ m m,on 

when they also will come withm the orbit of milk extension 

It IS probably m the matter of farm planr^g 7 f‘^ 7 “emtro- 

workerLnbeorthegreatesthelplotheculuvatorwho^^^ 

duce dairy farmmg into an explomve ty^of '“‘'“P,, created by the 
CTiluvaUon of fertihty removing crops The stimu y ^ 

exisunce of a regular and remunerauve market for ^ ^ 
to the fuU only if the farmer can be given “dvire upon ■mP™'’ his 

of animal husbandry, on the mcorporauon of fodder ^uv u^ 

farmmg s> stem and crop rotauon^nd ontheuseofthca 
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and fodders in his feeding programme, with maximum emphasis for the 
sake of economy on home-grown fodders fed in the green or conserved 
state. 

With the increasing realization of the great significance of the produc- 
tion phases in any programme of dairy development, large funds are 
now being made available for extension work. The next problem to be 
faced is the serious lack of personnel trained to cany out the work. 
Education and training now become increasingly important at all 
levels. As the demand increases, the general training for dairy diplomas, 
providing a rather superficial coverage of all aspects of dairy technology 
and dairy husbandry, does not quite provide the type of extension 
workers that are required. There is a promising tendency to separate the 
two rather distinct parts into distinct training courses. The dairy hus- 
bandry extension worker can therefore devote more time to animal 
husbandry and crop husbandry in their integrated form called dairy 
farming. Even this degree of concentration may not be found to be 
suflacient, and the extension programme will have to be supported by 
officers with more specialized training in the departments of animal hus- 
bandry and agriculture. Again, co-ordination of effort at different levels 
is the outstanding requirement. 

j Any extension programme needs to be backed up by an adequate 
research programme, and this is even more applicable to this relatively 
new subject, at least in tropical and subtropical latitudes. The animal 
b^eders will in some cases have to develop entirely new breeds of ani- 
mals to provide types that can respond to a high level of feeding and at 
the same time m^e the production of that feed an economic proposi- 
tion. The plant breeder will have to produce many new cultivars of 
grasses and legumes, and the research agronomist will have to investi- 
gate better methods of growing them. The need is urgent, not least be- 
cause it takes 10 years to produce a new cultivar and to make it available 
to farmers in sufficient quantity, 25 to 30 years to produce a new type 
of dairy animal. It is necessary to define short-term and long-term objec- 
tives, using the plant cultivars that are available now and improving the 
existing livestock as far as may be possible by selection. In this way, 
reasonable production may be obtained, and the farmers will have be- 
come proficient in dairy farming, ready to make full use of the improved 
plant and animal material when it becomes available. 
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Chapter 7 


AGE GELATION OF STERILIZED MILKS 

V R Harwalkar 

Food Resemch Institute^ Agutulnoe Canada, Ottawa, Canada 


1. INTRODUCTION 

The importance of milk in human nutrition has been recognized for a long 
time Raw milk is a highly perishable product and could be potentially 
unsafe for consumption without further treatment In addition to being a 
potential source of pathogenic bacteria, unprocessed raw milk is also 
susceptible to rapid spoilage by the action of naturally occurring enzymes 
and contaminating micro-organisms These undesirable attributes can be 
controlled by the age-old practice of boiling milk shortly after milking and 
before consumption This practice is still prevalent in many parts of the 
world where regional handling and dislnbution of milk are done on a small 
scale and where refrigeration is not commonly available Pasteurization, 
which entails milder heat treatment than boiling, ensures destruction of 
pathogenic bacteria and inactivation of some undesirable enzymes This 
treatment is more suitable for handling and distribution of larger quantities 
of milk over wider areas, but refrigeration and a good transportation 
system are essential if the product is to be stored for any length of time (up 
to two weeks) before distribution Such facilities are not easily available in 
countries that are technologically less developed 

In industrialized countries, especially those producing milk far in excess 
of their requirements, there is an increasing trend to process milk in a 
limited number of centralized dairy plants The distribution of milk to 
wider and remote areas, particularly where refrigeration is not available, 
necessitates the prolongation of the shelf life of milk beyond the limns 
afforded by paslcunzaiion 

Several methods have been demonstrated to be effective in preserving 
229 
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2. METHOD OF STERIEIZATION 
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instability of the product during storage ® Radiation is less effective than 
heat treatment in inactivating enzymes*® and additional treatment is 
required to inactivate enzymes Effects of radiation on the properties of 
milk are not yet fully understood A better understanding of the effects of 
radiation on the physicochemical changes in milk is necessary before its 
practical application materializes 

2 2. Chemical Treatment 

Hydrogen peroxide and antibiotics have been explored as sterilizing agents 
By themselves these agents are ineffective in sterilizing milk but can reduce 
the requirements of heat treatment in achieving commercial sterility ® 

2.3. Sterilization by Heat 

Effective sterilization of fluid milk products can be achieved by suitable 
combinations of time and temperature of heating The main considerations 
in the selection of heating conditions are optimal destruction of micro- 
organisms, particularly resistant spores, inactivation of deleterious en- 
zymes and retention of desirable attributes of quality in terms of colour, 
flavour, stability dunng storage and nutrition Spore destruction bears an 
exponential relationship to temperature of heating, sterilization efficiency 
(SE) IS expressed by the formula “ *^ 

^ Number of spores before sterilization 
® Number of spores after sterilization 

One needs only to consider ‘commercial sterility’ in which the proportion of 
micro-organisms either surviving the sterilization treatment or entering as 
post-stenhzation contaminants is so negligibly small that it poses no public 
health hazard Complete sterilization is theoretically possible at higher 
temperatures but the adverse flavour changes m the product outweigh the 
beneficial sporicidal efficiency and make such treatments impractical 
In practice, heat sterilization of fluid milk falls mainly into two 
categories 

(0 Retort sterilization, in which the product in sealed containers is 
healed to ■'-n0-120®Cfor5-20mm Commercial production and 
marketing of evaporated milk processed by this method is a long- 
established practice all over the world ® *■* 

(ii) Continuous flow sterilization is achieved in heat exchangers 
followed by cooling and aseptic packaging Sterilization tempera- 
tures range from 130 to 150®Cwiiha holding penod of alleast 1 s. 
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m Europe, whereas most of “ "'“','1 
concentrated milk was done m the USA 

The essential steps in U HT processing can ^ e 

cooUnc homogenization and aseptic p 8* of this chapter 

cooling, nomufa ^ beyond the scope oi skimmed 

elsewhere® ana are y milk or partially 

production and marketing of « . Canada 

"mrproduels is now praelised in f oncenualed m* 

uneoneentraled, as well as co"centmted, jlk an^ 
logical, manufacturing, marketing, w 6 lo 20 

these products have been extensively reviewed 


3 CHARACTERISTICS OF RCTORT AND UHT STERlUZED 

. , ,ht methods vaD 
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browning discoloration, cooked or caramelized flavour and loss of some 
nutrients The product is not suitable as beverage milk but may be used as 
colfee milk or as an ingredient in food formulations ® ^ ^ Provided that they 
are processed properly, retort sterilized products remain stable for long 
periods of storage without refrigeration, only slight thinning has been 
observed ^ 

In contrast to retort sterilized products, UHT sterilized products 
prepared by heating m the range 135-150‘*C for a few seconds have the 
advantage of achieving equal or better sporicidal effect without adversely 
affecting the colour, flavour or nutritional qualities This is possible 
because at higher temperatures the rate of spore destruction is considerably 
faster than the rate of most chemical changes ^ 12 i? is example, the 
ratio of the bactericidal action to the browning reaction increases 
exponentially above 135''C and vanes from 1000 to 5000 in the range of 
135-150 °C ® ” However, with UHT stenlized products, loss of stability, in 
terms of sedimentation and gelation, during storage is a serious problem 
Undesirable flavour changes during storage are no less important, but these 
can be modified by selecting proper processing conditions In UHT 
processed milk, gelation is the most important single problem because it 
signifies the final limit of shelf life ^ The problem of gelation has been the 


TABLE 1 

EFFECT OF PROCESSING AND STORAGE CONDITIONS UPON SHELF LIFE (GELATION FREE) 


Process 

Temp or 

Time 

Shelf life 


energy input 


{incidence of gelation) 




At 4^C 

At 20°C 

Milk 

Pastcurizatjon 

62^C 

30 mm 

5- 1 5 days 

< I day 


12°C 

16s 



Slcnlizalion 





Direct 

1 30-1 50 ‘’C 

1-5 s 

4-12 months 

3-6 months 

Indirect 



>12 months 

9-12 months 

Autoclaved 

117-120“C 

10-20 mm 

> 12 months 

> 12 months 

Ionizing radiation 

1 8 X 10-*rad 

— 

>2 months 

< 1 month 

ConcuUratul milk (26% 
Sterilization 

TS) 




HTST or UHT 

130-150"C 

l-60s 

>6 months 

2-6 months 

Autoclave 

n7-I20‘’C 

10-20 mm 

> 12 months 

> 12 months 

Ionizing ridialion 

1 8x lO'^rad 

— 

2-5 days 

10-15 days 
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oenods during siorage, is =“ ^rt^mprciallv. ruduuon 
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aspect wdl be discussed separately 

4. STORAGE STABlLirV: GELATION 

Loss of stability in sterilized milk during '* ”“6 is i’ » 

separation of fat, sedimentation milk) is not a majo' 

Fat separation in sterilized milk (or co""" ,„aiment, homogeniza 
problem since it can be "“'''I^^^^P/AfLLwise sedimentation, tvh'e>' 
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results in separation and settlingof solids to 'be “ , , „ is Homo 

alsoeasilyeontrolledbyadjustingprocessingcond idi- 

genization following sterilization. '„„s, where the solids 

mentation problem'*'’ Except "1“"^ 

sediment and leave a clear liquid at the top, sedimc „t 

oroblem as gelation Unlike sedimentation, «bicb m“ j, ,„is of 

"pme^itation^cf colloidal particles Gelation has 

fluidity of the product as a result of changes d formation, 

been described by terms such as coagulation ^ gelation 

thixotropic gel formation,'* age thickening, P 

”S:rn:s”trictly a storage defect and should not bo -n^^ J g 
thickening during -r wt'h no gulaU „ „„ 

incubation of certain evaporated milks a “J:., „„dergoes changes >" 
storage, UHT sterilized milk (or concentrated ' followed by a 

viscosity in the initial stages, there IS thinning ofthe pr observed. 

fairly long period during which very little change i ^ viscosity 

terininated by a period during which there is a Sample* 

rulmmatmg in gel formation 

that are viscous or are at an early stage of gelation can 
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a thin consistency by agitation However, these samples revert to the 
VISCOUS state within 24-48 h When gelation occurs the product 
exhibits a custard-like consistency and the process is irreversible at this 
stage The gels are characterized, in most instances, by absence of 
syneresis^^ but on further storage syneresis does occur in gelled products 
Changes in viscosity and gelation during storage were first recognized by 
Deysher et al and by Bell et al during their early work on sterile 
concentrated milk prepared by HTST processes These workers observed 
that evaporated milk (26 % TS) sterilized by the HTST method ( 1 35 °C for 
30s) gelled within 6-16 weeks of storage at 30‘’C Subsequently, these 
findings were confirmed by numerous workers who observed similar 
viscosity changes during storage in UHT sterilized milk,^® concen- 
trated milk*^ 39-41 concentrated skim milk 
A typical viscosity change during storage of HTST sterilized evaporated 
milk is illustrated in Fig I The sample sterilized at I17“C (243 for 
13 mm shows only the initial thinning but no increase m viscosity for a long 



Ho I ViiCOMiy of sienhzcd cvaporjitd nulk (26 „TS) • MiJk J and Milk 2 
s>»mplcb sicnhzcd by HTST il 130‘’C for 1 nun © rmlk s>,unp)t itcnlizcd al 117® 
for 1 3 nun Dua from Tarrasuk ind Tamaiina 
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period dunngstorogo ° 

unconcentrated milks, do not rep ^ jj laboratories since it is 

5. factors affecting gelation 
The problem of gelation in UHT 

IriLal than with UHT sterilized m s.enlizedcon 

problem in sterilized milk was recognized much J ^,^^, ,jed 

Lntrated milk For this reason, storage 8=^ srenlizeH 

concentrated milk has been “d ^‘®"‘''"Vch 

milk,“ '= although m recent years an ‘"'f' issrxhetimeatwbicb 

gelation of stenlized milk is evident in ^ concentrated and 
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Leoncentratedmilksismflueneedbymanyar.abl«U , 

which have been studied “““fcnrconeentrm^^ 

indicated are applicable to both '‘““''“^■‘“^“Jury somewhat 
hzed products, the extent and specific application y 

5 1. Heat Treatment „„„,nunconcentratcdmllk>s 

The major factor contributingto storage gelation (.j jt is now 

rhe seventy of the heat treatment to for 15-20 ®") 

well recognized that retort stenlized 'j. ^tc„ge, whereas UHT 

remains resistant to gelation for long P"™')® „as found to 

sterilized milk gels during storage The 1^“^^° “ 

depend upon the time and temperature “f *0 hea^^^^^ stenliza®" 
or during stenlization Samuelsson and Holrn shelf lif"*"" 

by heating at 152"C gave a milk with a longer g f [jcuungfrom 6sto 
stmlizauon by heating at I42”C,an increase observed a moderal" 

12 s increased resistance to gelauon Mow and CM b ^ for 

delav of the gelation time by pre heating at 72 U 1° holding tu"" 

30mm and by mcreasingthe sterilization tent^rmure ^ 

as illustrated in Table 3 Similar increased Proteeh°n g fereoced 

?Lreasmg the severity of stenlization was observed by others 

in Table 2 . 1 . ,i,_ hut oenlizins method 

Gelation is also influenced by the UHT steniizi g 



AGE GELATION OF STERILIZED MILKS 


237 


TABLE 2 

FACTORS AFFECTING GELATION OF UHT STERILIZED MILK OR CONCENTRATED MILK 


References 


Processing conditions 

Forewarning 15, 27, 33, 35, 36, 40, 50, 51, 

61, 141, 142 

Time and temperature of sterilization 12, 13, 15, 19, 28, 43, 45, 49, 

90, 141 


Direct or indirect UHT treatment 

12 , 38, 44, 77, 80 

Homogenization 

15, 27, 41, 139 

Sequence of operations 

24. 27 

Composition of milk 

Total solids 

5, 15. 27. 33, 52 

Mineral balance 

15, 37, 42. 43. 99 

Protein composition 

15, 57 

Seasonal variation 

13. 15. 43 

Quality of milk 

13, 43, 56 

Additnes 

Mono- and di-sodium phosphate 

2 , 19, 25, 27,29, 34,39, 139 

Curate 

28 

Carbonate 

19,28 

Polyphosphate 

2, 19, 29, 34, 63. 93 

Polyhydnc alcohols 

2 

Minerals (Ca, Mn, etc ) 

2, 15, 28, 35, 39 

Oxidizing or reducing agents 

H 3 O 3 , antioxid ints 

22. 68 , 140 

Phosphalidcs 

2 

Sulphydryl reagents 

67, 140 

Temperature of storage 

2. 15, 27, 37, 38. 40, 43, 45, 
48. 70-72, 96. 121, 125 


Sterilization by direct heating methods has been shown to oficr less 
protection against gelation during storage than stenlizalion by indirect 
methods This is believed to result from the inherent difiicully in controlling 
the seventy of heat treatment m the indirect method The wide variation in 
the length of the gelation lime, ranging from less than 3 months to over 
12 months, as observed by many investigators,^* 46-49 could be 

aiinbuicd, at least in part, to the dilTcrcnl methods of sterilization 
In concentrated milk, heat treatment, generally, aflecis gelation in a 
manner similar to that in milk However, forewarmmg, a beneficial step in 
improving stability of concentrates during stenlizalion in containers by 
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artCT o^ 

GLLATIO*^ TIME OF UHT M>LK 

Storage of 

lemperalure gf/o""" 

CO 


Pretreatmcnt 


UHT processing 
conditions 



Temp CC) 

Time (5) 


Nil 

72'C/30s 

140 

140 

3 

3 

30 

30 

30 

80®C/30min 

140 

135 

140 

140 

140 

3 

2 

3 

5 

30 

30 

30 

30 


140 

3 

2 


140 

140 

140 

140 

140 

140 

3 

3 

3 

3 

3 

3 

15 

20 

25 

30 

35 

40 


96-99 

110-113 

117-120 

96-99 

96-99 

96-99 

110-113 

>208 

130-133 

130-133 

96-99 

96-99 

110-113 

>208 


“ Data frotn Zadow and Chiluta 


retort methods, plays a very .mportant role m have ths 

HTST sterilized, concentrated milk HTST . j folding pet'O* 

stability problem during sterilization because of lemperature and 

at high temperatures Forewarming treatments at a h g flavou' 

for longer periods delay gelation but sedimentation de ee«^^ 
detenoration resulting from excessive heat l-lble 4 

typical beneficial elTect of forewarming is illustrated and 

Sterilization (HTST) of concentrated milk « higher P 
longer holding times also retards gelation shortct 

Sterilizing effectiveness, higher stenlization tempe 1525*9 

exposure times result in reduced resistance f “ ’ to achieve 

treatments in excess of those requited for 51™''““°" “* ae observed that a 

greater stability against gelation For example, Bell «u j subse- 

2 1 milk concentrate (26%TS), processed at 135 ^ ^ ^ 32 , 

quently healed at 1 1 5 X for 2 , 6 , 12 and 18 min, started to thieke 
36, 41 and 51 weeks of storage respectively 
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TABLE 4 

EFFECT OF FOREWARMING TRCATMCNT OF MILK UPON TIME REQUIRED TO THICKEN 
CONCENTRATED MILK STERILIZED AT 135°C FOR 30$“ 


Total soUds, TS 
(%) 

Forest arnwig 

Time required to thicken 
at 30°C storage 
{weeks) 

Temperature 

CC) 

Time 

{nun) 

26 

65 

10 

16 

26 

120 

4 

24 

32 5 

65 

10 

10 

32 5 

120 

4 

13 


“ Data denved from Bell et al 


5.2. Homogenization and Sequence of Operation 

Homogenization, used to control fat separation and sedimentation m 
unconcentrated milks processed by UHT or HTST methods, also in- 
fluences their gelation behaviour The placement of homogenization, as 
well as other processing steps, in the sequence of operations is an important 
factor in the storage stability of UHT treated products There are fewer 
processing steps in UHT treatment of unconceniraied than of concentrated 
milk Consequently, the sequence of carrying out the different steps is of 
considerable influence on storage stability of concentrated milk Placing 
the homogenization step before concentration and sterilization gives a 
product with reduced stability against gelation Concentration before 
sterilization gives a product more stable to gelation Typical effects of 
changing the sequence of the processing steps are illustrated (by control 
samples) in Table 5 Factors which prevent gelation often promote 
sedimentation during storage, an inverse relationship exists between 
susceptibility to sedimentation and susceptibility to gelation 12 is si 52 
Another processing step which significantly influences the gelation 
behaviour, is to hold the sterile concentrate at 94 ®C to allow development 
of a critical viscosity The incipient coagulum is then destroyed by 
homogenization under aseptic conditions This treatment has been 
shown to retard gelation during storage However, the problem is one of 
determining the optimum viscosity at which homogenization is carried out 
Homogenization of excessively thick product results in graininess and 
sedimentation whereas homogenization below the optimum level of 
thickening results in gelation 
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TABLE 5 

LP^XCT OF SLQLENCC OF 01*LRAT10S AM) AUDITIVLS ON SHELF LIFE OF 
HIST STERILIZED MILK AT DlIILRENT TtMFERATURLS OF STORAGE* 


Storage 

leiuperaiure (“F) 

Addtnu* 

Siorage hfe {(Ia}s) 

fCASU' FtlASC 

7Q(2rC) 

Control 

45 

7 

70 

Monophosphate 

16 

3 

70 

Polyphosphate 

441 

240 

86 (30 T) 

Control 

30 

5 

86 

Monophosphate 

13 

3 

86 

Polyphosphate 

220 

76 

99 (37 2°C) 

Control 

26 

6 

99 

Monophosphate 

10 

3 

99 

Polyphosphate 

84 

36 


* Data taken from Lcviton el al All samples were 36 % total solids 
and v-ere forewarmed and sterilized at I38®C for ISs 

‘ In the proportion 04lb additivc/lOOlb milk solids 

* Forewarming Conceniraiion-Addiuvc-Stcnlization- 
Homogenizaiion 

* Forewarmmg-Homogenizaiion-Addmvc-Sienlization- 
Concentration 


TABLE 6 

EFFECT OF TOTAL SOLIDS AND STERILIZATION 
CONDITIONS UPON GELATION TIME DURING 
STORAGE AT ROOM TEMPERATURE 


To/aJ sohds 
(%) 

Sterilizing 
time at 
132^C (j) 

Time to gel 
{weeks) 

26 

35 

33 

26 

70 

42 

36 

35 

12 

36 

70 

16-20 


Data derived from Figs S and 6 from Ellertson 
and Pearce 



AGE GELATION OF STERILIZED MILKS 


241 


5.3. Total Solids 

Gelation of concentrated milk, sterilized by HTST or UHT methods, is 
hastened by increasing total solids s is 21 33 36 S 2 increased severity of heat 
treatment has less influence on retarding gelation of concentrates contain- 
ing higher total solids The data m Table 6 illustrate the effect of total solids 
and seventy of sterilizing treatment upon the time of gelation It is also 
interesting to note that the heat treatment given to over-concentrated milk 
(32-45 %TS), followed by dilution to 26 %TS, imparts to the diluted milk a 
greater stability against gelation 

5.4. Composition of Milk 

Since sterilized skim milk concentrates are highly susceptible to gelation, 
hastening of gelation by increasing the total solids content in UHT 
sterilized milk is generally assumed to be due to the sohds-not-fat portion, 
whereas fat is not directly involved m gelation 
Different milk proteins added to milk affect the gelation behaviour of 
UHT sterilized products Addition of dialysed acid whey to milk to increase 
whey protein contents by 10 % and subsequently processing the milk into 
evaporated milk (26%TS) sterilized by the HTST method, markedly 
hasten the onset of gelation Doubling the sterilizing time is relatively 
ineffective in overcoming the increase rate of gelation * ® Addition of ttg-, Ji- 
and K-caseins to milk influence the characteristics of the casein micelles but 
do not affect the gelation period of UHT sterilized concentrated milk 

5.5. Quality of Milk 

Some factors that influence the composition of milk may indirectly affect 
the gelation behaviour of sterilized milk For example, seasonal variation, 
known to affect composition, influences gelation Summer milk gives 
more stable products than winter milk**^ and maslilic milk subjected to 
UHT treatment is more susceptible to gelation than normal milk 
Evaporated milk from Jersey cows with a high protein/water ratio is more 
susceptible to gelation than evaporated milk from other breeds Early- 
Uictation milk is more susceptible to storage gelation of UHT 
products 

Bacteriological quality of raw milk is also important m gelation, 
sterilized milk from poor quality milk is very susceptible to gelation during 
storage The type of micro-organisms or spores present in 

poor milk is important,*^ organisms that produce heat-stable enzymes, 
c g protcinascs, cause most serious gelation problems 

The widespread practice of holding cooled raw milk in bulk tanks for 
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extended periods increases the '““"I 

produce heat-stable proteina^, raw milk to a quick 

Thermaation ■" bulk tunks, has been 

heat shock (6J-65-C for 12-15s) before storage in 

recommended to mraimizettegrow^^^^^^ against psychrotrophs but 


recommciiutu - 

IS less severe than pasteurization a 

noragainst the action of proteolytic enzymes 

5 6. Enzyme Treatment rennet or neuraroinida^ 

Modification of milk by Pen»<=atment wnh ren 
before sterilization has been repotted to inereas 

®'Adtoionorheat-res.stantprotemasesormoculat.on«uh^^^^^^^^^^^^ 

that produce heat resistant Pf“‘^"““" *■“ »o have suggested a In', 
be discussed later However. /' f o^eat-resistant pro- 

temperature treatment to destroyed when UHT 

teinases, about 90% of the Pf®‘“^“' “'"“If ' rQ mm, apparently. hV 
treated milk is cooled to about 55 C u"** ' high-heat treatment 
mechanisms different from the inactivation by high 

5.7. Additnes ..HHmves which would be 

Extensive studies have been made to ‘^''''’°P concentrate) dunn! 

dTcctive in controlling gelation of hasten while polypbu* 

storage Additionsorscdiumphosphateande tratehaste^^ ,, d 

phates delay the gelation process in both ''''J ^ moimprovebeal 
Lncentratcd milk ^ ” =‘ »' -.'These additives known^_^^ ^^„ 3 phalcs, 
stability of concentrated milk durmgretor ^ of protecuou 

on the olher hand, significantly delay eelatmn ^^^„lrai,on of 
against gelation increases with chain length hosphorus atoms 

polyphosphate, polyphosphate with an average 4 8 p ^^P ^^jho 
per Cham was clfective against gelation ^P delay ge'a“f 

phosphate that hasten gelation a"d “f Pu'yPj^P P clso show sifflila' 

are evident from data shown in Table 5 The Ph“sp or by hi^ 

effects on the stability of concentrates by ^ coagula- 

polyphosphate augments gelation ' • , ,.,„aelavingselau°” 

Additionofmanganoussulphateisalsoelfccuvcin y 
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Interestingly, gelation of milk concentrates sterilized by ionizing radiation 
IS also inhibited by polyphosphate and manganese salts, ® suggesting a 
common mechanism of gelation of both heat and radiation sterilized 
concentrates 

Other additives that delayed gelation of sterile concentrates are poly- 
hydnc compounds like lactose, sucrose, dextrose and sorbitol Added 
phosphatides also increase storage life Sulphydryl blocking agents, such 
as PCMB, A>ethylmaleimide and lodoacetamide, retard gelation while 
disulphide reducing agents, such as mercaploethanol, thioglycolate and 
glutathione, promote gelation of sterile concentrates Addition of 
hydrogen peroxide to UHT stenlized skim milk concentrate hastens 
gelation 

Addition of sodium hydroxide^® or sodium carbonate^® to adjust the pH 
of a 3 I sterile concentrate to near neutrality delays gelation but adjusting 
the pH of unconcentrated milk before UHT sterilization has no effect on 
gelation 

5.8. Temperature of Storage 

Time of gelation of UHT stenlized milk is markedly influenced by the 
temperature of storage However, there is not unanimous agreement 
between different investigators regarding the effect of storage temperature 
upon gelation Samel et al observed the gelation lime ( 1 3 months) to be 
independent of storage temperatures between 4 and 30 ®C, and at 37 ®C 
there was no gelation for two years Improved resistance to gelation during 
storage al 35®C and above was also observed by others -*3 46 48 ti ii 
Zadow and Chituta'*^ observed minimum gelation free storage life at 
25-35 ®C but the storage life was extended considerably at 2 °C or at 40 °C 
as shown in Table 3 Andrews et al noted that samples of UHT sterilized 
milk stored at 4°C gelled m 19 months, but samples stored al 30-35 °C had 
not gelled m 28 months HosletUer et al observed that UHT sterilized 
milk, stored in glass containers, gelled m ten months at room temperature 
but remained liquid at 35 ®C The sample in glass at 35 °C turned brown but 
remained while when stored in im containers at 35®C and gelled at about 
the same time as the sample stored at room temperature 
There is better agreement regarding the effect of storage temperature 
upon gelation time of concentrated milk sterilized by UHT or HTST 
methods Generally, the higher the lempcraure of storage, the earlier the 
gelation of samples ‘ ^ The extent of temperature dependence of gelation 

lime vanes The gelation rate of HTST sterilized evaporated milk(25 /„TS) 
was about three to four times higher at 38'C (100®F) than at 21 ®C(70®F) 
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The effect of storage of by UHT treatment In 

d.fferentfromthatofunconcentratcdm.lk5ter to 

eontrasttothesterthzeduneoncentrated™^. 

less stable at 38»C than at lower temperatures (compare 

m Table 5) 

6. PHYSICAL AND CHEMICAL CHANGES RESU^LT^NGFR 
UHT STERILIZATION TREATMENT A 

Although various '*! 

the gelation of UHT sterilized milk, ™ly unLrstood It 

precise mechanism of gelation is still “‘ [“'^^d by microbial acO"'!' 
generally accepted that storage gelation is not ^^^uon co"" 

of either surviving heat-resistant spores or post t ^ 

taminants “ =“ In an effort to gam a “"‘‘'"“de oPAephys.ca'^"^^ 
phenomenon, numerous „„ sterilization and dunng 

chemical changes occurring immediately following 
storage 

6.1. Changes in Milk Immediately After Sterilization 
Several changes may result from heat trea sterllizaho 

non The extent of these changes is 8="^ lo- „,,d be o 

treatment than with retort stenhzation Jh= ch g ^ITect 

possible significance for gelation are. particular y. 
proteins, enzymes and the mineral balance 

1' 1 rfr :f heat treatment, i e Imth the ^0— 
sterilization, an association takes place ho"“==" "h ^ ^ denatured or 
globulin) and casein Whey proteins = >ho ,„d become 

fnteract with components of casein mi«ll= point of 

sedimentable with casein or “-Peompitable at ^isein 

casein ’ “ The extent of association between^wheypP ^ ^ ,.„g 

vanes with the seventy of heat treatment heating at 90°C fo' 

a, 146“C for 16s causes less denaturat.on *0- h^ S^^„atures 1=^* 
10-30mm UHT stcnlization by direct heating m 
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whey protein (60-70 %) than indirect heating (70-80 %) of miik The 
heat-induced changes in whey proteins cause shifts in nitrogen distri- 
bution as measured by the different methods of partitioning proteins 
in milk The extent of complex formation between denatured 

^-lactoglobulin and K-casein, predominantly through disulphide 
bridges, significantly modifies the properties of casein micelles Heat- 
altered casein micelles are more resistant to coagulation by heat^^ and 
enzymes, ss-sg storage gelation (Table 2) and less sensitive 

to treatment with oxalate that removes calcium ions A higher proportion 
of whey protein complexed at the surface of casein micelles offers better 
protection against gelation 45 90 

UHT treatment of milk is also known to cause some rearrangements of 
casein components in the micellar structure through a simultaneous 
process of disaggregation and aggregation reactions 90-95 'p^us, in 
UHT sterilized milk or concentrated milk, while there is an increased 
amount of casein (submicelles) not sedimentable on high speed centrifuga- 
tion (>100 000 g), there is also an increase in the size of the casein micelles 
The non-sedimentable casein particles (submicelles) have diameters of less 
than 20 nm The increase in the size of sedimentable casein micelles is slight 
in UHT sterilized milk^^ but a two- or three-fold increase is observed in 
sterilized, concentrated milk The size en}argemenl results from 

a coalescence process The importance of increased dimensions 

of casein micelles for the gelation process is not known 

6 12 Mineral Balance 

Changes m the inorganic constituents of milk occur as a result of heat 
treatment Decreases m ionic calcium and magnesium result from their 
precipitation as phosphate and citrate baits Reduction in the level 

of soluble calcium by UHT treatment may be insufficient to be of any 
significance to gelation Furthermore, the role of calcium in the gelation is 
not clear Additives such as phosphates or citrates, that reduce the 
availability of calcium, promote gelation Moreover, increasing the level of 
calcium by 6% did not affect gelation,*® small amounts of calcium delay 
gelation*® but larger increases ofcalcium hasten it Another indication 

that calcium plays an uncertain role in gelation is the protection against 
gelation by polyphosphates C>clic polyphosphates complex calcium to a 
lesser extent than linear polyphosphates, yet the former retard gelation 
more effectively®** The effectiveness of polyphosphates is believed to 
result from their ability to complex with casein micelles,®* thus 

preventing ihcir interaction by charge repulsion 
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6 13 EiizviK Acmil} _.it „rthiiarcorbaclcnalof^ 

Prolcinascs that arc naiurally ,1 ^ heat ircaimcnl in the V 

are not alivays completely U„T s.ento.ion hate ten 

ptoccbs Proteolytic enzy .‘“o" o„ o.hcr hand, no proieWf, 

* . . If I lUT tff.iied milk \ju ii»w It IT- frpjm. 


- 102.103 On ll)C oinci UA»HA*» . joj 

isolated from UHT treated mill. loa or in 10 % UH'^ 

v,as detected in HTSP concentrated milk o Proteoljtf 


not be discutsea iierc since ...c, ,hc storage gelahnn 

gelation Some of the changes that ^ occur quahiaU'^ 

stenhzcd milk arc listed inT.iblc 7 T 1 ““kh th I 6 5 , 5 rilircd 

mbothnona:onccntratedandconcentratedmte«h^^^^^„^,,,ureter^^^^ 

byUHTtteatment.thccxtcntofthcsechang stability of ih 

Ch inges durmg j"o„mple; of milk The sens.mi 


6 2 I Stabihl) to Ethanol rc-rcentage of ethano 

Aleohol stability is determined as coagulation M* 

which when added to an equal volume of milk ciu poring 

coagulating at a lower concentration of ethano « ^,roho 

storage UHT sterilized milk shows a Stadual ■ during 

(Table 8) This loss of stability appears d,/„ot gel durmS 

storage, since retort sterilized (autoclaved) milk, ^rorage 

storale, remains unchanged in its nubdity to c h.inol ^ pHT 

temperature the stability to o‘bino decreases ^,ubd.ty 

sterilized milk than m autoclaved ™ ^ concentrated mi k 

was also observed during storage of UHT sterili 

UHT sterilized concentrates um 'ess 'stable lha d 1 n,or 

milk Samples containing Pf 7'’''“^^''/'“; ‘“ufof gekmon is hasiened 
stable to ethanol than samples in which the onset o g 



TABLE 7 

PHYSICAL AND CHE MICAL CIlANGl^ DURING STORAGC OP UHT STLRILIZLD MILK 

UnconcciUraU’tl Concentrated 

milk 


Proper!) 


Physical 

Stability to ethanol 
Stability to calcium ions 
Rennet coagulation lime 
Aggregation of proteins 
Non-sedimentable casein 
Ca/N ratio of the sediment 
P/N ratio of the sediment 
Viscosity (relative) 

Chemical 

pH 

Maillard-type reaction (browning) 
Sulphydryl groups 
Protein breakdown 
Casein nitrogen 
Non-casein nitrogen 
Non-protein nitrogen 
A-Acetylneuraminic acid 
Dephosphorylaiion (P,) 

t, Increase, [, decrease 


i 


T 

T 

T 

T 

t 


unchanged 

T 

I 


T 

T 

unchanged 


i 


t 

T 

t 

t 

T 


unchanged 

r 

i 


T 

T 

unchanged 


STABIUTY OF PROTEINS IN MILKS STERILIZED BY UHT AND AUTOCLAVING AND STO 

AT 20 X" 


Stability of protein 


Storage (monilis) 



0 

2 

5 

9 

13 

Stability to ethanol (%) 

UHT milk 

Autoclaved 

96 

>96 

96 

>96 

83 

>96 

62 

>96 

gelled 

>96 

Stability to calcium 






(ml 0 1 M CaClj) 

UHT 

Autoclaved 

28 

2 1 

1 4 

1 8 

0 8 
20 

02 

1 8 

gelled 

20 

Rennet coagulation time (mm) 
UHT 

Autoclaved 

50 

>120 

50 

12 

4 

>120 

gelled 

120 

Raw milk 

7 






Data from Samel el al 
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6 2 2 SiabilU} 10 Calaum ... ,.,b,l,ty to aJdcd calcmm 

Renncl-trcdlcd mdk ^ , required to cause prcapdad™ 

ihcamounlofcalcmmrcq . asenbed to a 

re;n.s.cducedTh=decreaseds,^b^.y^^^^^^^^^ 

lossoftheprolccuveacuonof^mdu^^^^^ lenle 

sil c, ul observed a gradual decrease rn re,,b (data m 

storage of UHT stenl.zed nulk bm not .n r lemperaWi' 

Table 8 are for samples stored at 20 C M a 't g temperatures, 

the loss of stabd.ty to ealc.un, »as fas'er th^ “ u,od.f,cat.on at h.gW 
which was attributed to the increased ^ of protem and 

temoeratures by Ma.llard-typc reactions Is mv The calcim” 

redLng groups of lactose or lU ‘*^"‘1““., Joased but at a slonet rate 

sensitivity of autoclaved mi treated sample 8‘ ‘ ; 

than that of UHT sterilized mdk The oons.s.e« 

13 months but autoclaved f " “nativity and gel mon 

relationship between increased calcium sensit.vi.y 

6 2 3 Rennet Coagulation Time («cr) jependmS 

Heat treatment of milk increases lb<= considerably longer 

upon the seventy of heat treatment The RCT |S « ban fe 

UHT sterilized mdk than for raw sterilize 

autoclaved mdk (T..ble 8) Casein q, reel UHT treatment. «r^ 

indirect UHT treatment, when of rennet “"The RCT 

morestableduringstoraBeaswelastotheacUo 'ootytecoj 

affected by the formation of a beat-inuuceu ^^^„s,tive 

lactoglobuhn and K-case.n which may hinder t e ^ shifts > 

Phe-Met bond in Kaiasein to ''™ 'e and surface proPcft'=* 

ionized and colloidal milk wits may alter Ihc B 

of casein micelles _ _ „rr.«ivelv decreased m - 


milk was the same as lor 

unchanged (Table 8) „,.r»ft5HTsienlizedmilkis*o * 

ThereductionofRCTdunngstorageofUHTs changes at th 

of some subtle reversible and as ye. poorly understoo „ilk 

s irtre of the casein micelles the unchanged RCT “ j.ralions 

r^g storage is -Sviouron: rS'Srd.zed mdk are 

regarding the rennet coagulation behaviour oi 
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consistent with the hypothesis of Hostettler^'* m which storage gelation 
IS linked to incomplete or reversible interaction between whey protein and 
casein However, it is not certain if the change in RCT and gelation during 
storage are governed by a common physical condition of the casein 
micelles 

6 24 Shifts m Mineral Balance 

During storage of UHT sterilized milk many changes are observed in the 
distribution of mineral components Initially, some of the calcium 
phosphate, precipitated by the UHT treatment, dissociates^ and 
binding of calcium and phosphate by the casein is readily reversed 
Prolonged storage, on the other hand, causes precipitation of some forms 
of calcium phosphate Since colloidal calcium phosphate is neces- 

sary for the stability of casein micelles, changes in the mineral balance 
affect stability 

The manner in which these shifts in mineral balance affect stability is not 
clear Increased dissociation of casein micelles is caused by removal of 
calcium* and therefore the increased non-sedimentable casein 
observed during storage could arise from such a removal However, Aoki et 
observed that Ca/N and P/N ratios of the casein fraction 
sedimentable by uliraceninfugation(> 100 000^) increased during storage 
of UHT skim milk This increase was of smaller magnitude than in UHT 
concentrated skim milk These investigators attributed the destabilization 
of the casein complex during storage to the incorporation of calcium and 
phosphate into it However, an increase in Ca/N ratio in the 
uUracentrifugal casein complex was also observed in stored autoclaved 
milk and this makes the explanation less tenable There is no discernible 
pattern of mineral distribution that satisfactorily explains the mechanism 
of gelation during storage 

6 2 5 Disaggregation, Aggregation and Microstructure of Casern Micelles 
During storage of UHT milk, caseinate particles undergo a number of 
changes as measured by uUracentrifugal sedimentation, gel permeation 
chromatography*^ “^and light** and electron^* *® 

microscopy Firstly, an increase m the amount of non sedimentable 
casein (at > 100 000 g) is observed The increase m non sedimentable casein 
IS assumed to result from a partial disaggregation of the casein micelles*^ ** 
and is seen by electron microscopy as fine particles or subunits of 
casein dissociation of large casein particles is more rapid at 4 

than at 20 or 37 °C The forces that lead to such disaggregation are not, as 



yel, welUnderstood but sh.fts m .he mme^a^ 

L .ndtcuted m the Pr^^dtug^secUon Jecoud^V. ^ P^'^TC s 

protein polymers is observed v n<» of casein polypeptid® cha 

Lm covalent b.nd.ng n„ .0^ Matilard-type 

through carbonyl intermed.ates resultmg Irom^ 

. 46 109 113 polypeptide chains may j-nendenl upon time 

ruph.d=bondsThe»Un.ofpo.ymerformatton*^^ 

and temperature of storage After stx rnon^ 

milk proteins existing as covalently bou-'d poW ( nation 

Tt30“C 26%at20°Cand217„at4“C ° ^ Jj. stored at 4 C 

does not appear to be related to°gela..on stored at 

gelled sooner than milk stored at 30 or 3 / U a 

contained the lowest amount of polymers ,„dapcndently c 

addition to the above two "• micelles ^ 

viscosity changes, there fo or gelation Exaro.nal 

coincided with the observed '>'“"8“ ih®., during storage, the 
of microstrucure by electron m which a r P-d 

casein micelles associate increasingly during rte p^^ cro- 

increase in viscosity and ^ „,,k are gradual, the« 

structure observed during storage ofUHTtreae .llustrated i" 

occumng m UHT stertlized concentrated ™“ge tn vtscosity, 

Fig 2 During the initial pcnod. when there IS no g ,he 

L?ceL°Lmn spherical and wen sep-^^^^^ 

surraceappearancechanpsandthefilamen^ PP ,„rfa c 

denatured p-lactoglobulm. or ' e when viscosity starts ' 

become less prominent After ten ,hread like tails on the 

rise the casein micelles show a slight dislo micelle surface a 

Tcdle surface (Fig 2b) Similar gelation m UHT 

tendrils protruding from rt were ,k.m nnlk.«he"'^5 

milk After 13 weeks of storage of conccnlratcu ^^^^^^^J^J^ea 

milk had become viscous, pairs or ° between j 1 

(Fig 2c) Thcmicellcswcreatlachedcithcrby j j, a] described 1 

‘rmm ftbre-like ma.erial, analogous to the * ™‘=L.r identity aaj 

/-■ ^rtii ot ni At this stage, the mtcelles still r oairs ann 

there were several unattached individual J^^p^equivalent to the 

tririets of micelles observed rn thrs sample were P= ^“.he increased 
mcrcase ■" micelle size observed by Andrews « ^^“fi“g„on(3000« 

amount of casein particles sedimentrfbylnw-spd ^^^^ 

as observed by Aok. and Imamura, m slme" ^,ate 

of storage, when the sample had gelled, there was a 
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Fig 2 Changes m the microstructure of UHT sterilized concentrated skim milk 
stored at 28'C (a) Immediately after sterilization, viscosity = 21 °M (b) After 
10 weeks, viscosity = 26°M, A, non-micellar particles, B, distorted casein micelles 
with thread like tails (c) After 13 weeks, viscosity = 120“M, A, distorted casein 
micelles with thread-hke tails, B, fibredike material joining casein micelles, C, 
clusters of fused casein micelles (d) After 17 weeks, solid gel A, fibre like material 
joining clusters of casein micelles Data from Harwalkar and Vreeman 


distortion and aggregation of casein micelles into chains which were 
connected through fibre-like material to form a continuous network 
(Fig 2d) Network formation by linkages between casein micelles has been 
observed by others m gelled concentrated^* and uncon- 

centraled milks Gelation results from gradual changes in the casein 

micelles rather than from an abrupt coalescence of micelles shortly before 
gelation The abundance of non-micellar particles increases with 
storage but their involvement m gelation is uncertain 
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, milk conl3i^*®S 

were seen earlier Samples j^he mureUes remamed mostly 

change m microstnicture during storag „mplc examined immed 

unchanged and well sS'for 17 weeks contained ‘g, 

remained well separated from each other 


*»• *A 


•-U • ’ • 


° ^ ‘ • "^*^' ***^ ski® 

P,o 3 Chan;esin.her„~mmo^^^^^^^^^ neo.-'‘3 

“Ji^^'rn'^Tff.er nw^k^ viLsny 15-M Dam from Ha 


VTCCIUdti 

d 

The charactenstics of the microstructure of gels tom 
ny concentrated skim rmlk are, latter gels show orff 


Thecharacicns.viwiwi microsuuws- 

or concentrated skim milk are quite different to only 

gels produced by the action "f Jhe lalU 

clumping of casein micelles and do ortsoth of storage S' 

thread like bndgmg between micelles that yP 
products**" 


i5 2d Pralein Breakdonn „r stenlized milk c““*‘* 
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Evidence of proteolysis is voluminous, and therefore considerable atten- 
tion has been directed to find a relationship between proteolysis of sterilized 
milk and its gelation during storage During their early investigations, 
Hostettler et al observed decomposition of casein in UHT sterilized milk 

that had gelled during storage and Samuelsson and Holm^® observed an 
inverse relationship between the increased level of non-protein nitrogen 
and time of onset of gelation Both groups of investigators attnbuted the 
decomposition of proteins to reactivated proteolytic enzymes Reactiva- 
tion of phosphatases in heated milk is known Subsequently, 

numerous investigators have observed protein breakdown during storage 
of both unconcentrated"^^ and concentrated milk^"* 

sterilized by U HT treatment During storage, a progressive decrease in the 
amount of casein nitrogen and a corresponding increase in non-casein and 
non-protein nitrogen was observed in these samples Typical changes 
during storage of UHT sterilized milk in the fractions partitioned by the 
scheme of Aschaffenberg and Drewry,*^’ are illustrated m Table 9 
Although others have observed similar changes, there is considerable 
variation in the extent and rate of pro(eo/y(ic change The djfierences are 
assumed to result from variations m the conditions of processing treatment 
and the quality of milk UHT treatment by the ‘direct’ method results in a 
higher degree of proteolysis during storage than in milk sterilized by the 
‘indirect’ method or by autoclaving The survival of heat-stable 


TABLE 9 

CHANGES IN NITROGEN DISTRIBUTION IN UHT STERILIZED MlLk DURING STORAGE AT 
ROOM TEMPERATURE" 




Nitrogen distribution^ 

(%) 



Before 

sterilization 

After 

sterilization 

Storage 

3 

(months) 

4 5 

Casein N 

80 3 

84 4 

80 8 

75 5 

72 1 

Non protein N 

62 

62 

63 

8 1 

8 8 

Proteose peptone 

1 1 

1 8 

27 

4 7 

89 

Globulin N 

08 

07 

1 2 

1 3 

I 4 

^•LactoglobuUn N 

70 

3 1 

43 

3 1 

09 

Albumin N 

46 

35 

47 

73 

79 


“ Data taken from Corradmi 
Determined as descnbed by Aschaffenburg and Drewry 
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enzymes IS delermmed not only by the scscnty of heat treatment but also by 

the nature and quantity of the enzymes present Poor quality milk, which 
contains increas^ levels of proleinases of bacterial ongin, shows extensive 
degradation of protein and a short gelation time during storage 
There is wide variation in the heat stability of proteolytic enzymes of 
bacterial origin Thermal inactivation data on some proleinases are 
known*'* but such data on all the protemascs is, practically, not possible 

Those protemascs that arc natural to milk or are of bactenal ongm vary 
considerably m their specific action on individual proteins and arc 
discernible by electrophoretic methods Many of the earlier storage studies 
on UHT sterilized milk indicated major changes only in the ^<^scia 
fraction along with a concomitant increase in the y-casem fractions that are 
now known*^^ to result from proteolysis of /J-casem Electrophoretic 
pailcms presented m Fig 4 tlluslrate the typical changes in casein fracuons 

during storage of UHT sterilized milk These patterns indicateadecrcascm 


« m 




a 


m 

^ i B , 


eas 


1 2 3 4 5 6 

Fig 4 Starch urea geleleclrophoreasof casein from UHT sicnlized mitk 
ai room temperature I Before stenlization 2 after sienlizalion 3 stored 
months 4 stored five months 5 stored six months 6 rennet treated nwh^ 
from Corradini 
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the relative concentrations of 0 , 2 ** K*caseins and a corre- 

sponding increase in /-casein fractions and para-K-cascin These changes 
are consistent with the observations of Snocren and Van Riel^°® that the 
natural proteinases, which are similar to plasmin in their action, were 
equally specific for /i-casein and although their action on other 

caseins is slower 

The mode of action of these proteinases is influenced by some other 
factors For example, Hanvalkarand Vreeman^"* found that theincreasein 
y casein was less during storage of UHT concentrated skim milk than in 
UHT milk (Fig 5) although there wasan increase m proteose-peptone and, 
as pointed by Snoeren and Van Riel,*®^ a decrease in ajj-c^isem The 
increase m proteose-peptone fraction is also observed in UHT stored milk 
(Fig 4 and Table 9) and is atinfauted to the formation of component 5 and 
component 3 by cleavage of the Af-terminal end of /?-casein The 

basic fractions observed in Fig 5 appear to be cleavage products of a^j- 
casein 

Numerous studies have indicated that the proteinases of microbial origin 
survive UHT treatment 58-60 io7 125 -ui action of bacterial pro 
teinases on individual proteins is different from that of indigenous 

acid casein 

'E3 1 

t 


i 

i 

) 



0 9 6 10 D 17 weeks 

Fig 5 Starch-urea gel electrophoresis of casein from UHT sterilized con 
ccnlrated skim milk containing polyphosphate Data from Harwalkar and 
Vreeman 
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protcmases In cnnlMSt to 

icmases appear to degrade , .acterul protemases is to-ted 

mforraatton regarding the specific y mnuence the storag 

Undoubtedly, the bacterial and the milk P ^ -hjj ihey dilfcr m their 

XtrofUHTproduetstodiirerentcxtenUbeeau 

mode of attack on individual proteins Snoer'en psychtotropte 

sample of milk that was deliberately con asepticaUy 

baetena before UHT treatment. gcM on to S ,e„net curi 

drawn milk The contaminated milk had t ppn_^^^ 

whereas the unconiaminatcd milk, coni ^ samples «as 

coagulated without typical gel formation t 

accLpanied by extensive P'“>“ ^’is jCooPS. quot^ »y Payees^ 
contaminated milk In contrast Optically drawn nu'^ 

observed gelauon of products „„„ protein nitrogen 

without an accompanying mcrease in the amoun^ rf 

Storage lempcraiurc is anolher f , ‘’® observed increa 

prole^lytie aetmn in UHT milk Samel ^ unable to 

LeakdownofproteinatahighertemiKratureo s^ S 

correlate the extent of proteolysis same time (13 monlW 

Samples stored at 4. 20 or 30 C gelled Furthermore safflp 

,n spire of varyrng levels of protein , bat did not gel 

stored at 37 “C showed the most '’'''“‘'^3° ,„,ed imlk, considerably 
During the storage of UHT slenhxcd, e, le Hostcttlere' 

slower proteolysis is observed than in U HT 'r«'nd m „acuvaUo” 

u; ’ r observed low levels of of protein breakdown 

Harwalkat and Vrecman» also observed a low rate o ^P uonAiasein 

as indicated by the decrease m casein ""^8=" ^ d farther observed 

and non prolem nitrogen and by gel electrophoro^ J nddition of 

that the rates of protein breakdown were unaUKieu J „ed g=>n 

"hcsphare o'; hexameraphosphate regardmg 

non and hexametaphospharc delayed « “h^ ,,o„g= of n""" 

the effect of added phosphates upon changes ,he gela»00 

centrated milk were made by Snoeten e was unaffected J 

time of poor quality milk, stenhzed by UHT tmatmen^^^^ 
the addition of phosphates The rrason f mvcstigators m the ra 

Wide vanation has been observed by different i f f ,a„on takes 
and extent of proteolysis dunng the ,«r.od m wtach onset o ^ 

olace Data m Table 10 are drawn from different ^ ^ content (a* 

Smions in the time of gelation and ■” ^tpoTin niirogeo 

percentage of total protein) and increase m 
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TABLE 10 

RELATIONSHIP BETWEEN GELATION AND OlANGES IN CASEIN AND NON-CASEIN 
NITROGEN IN UHT STERILIZED MILK AND CONCENTRATLD MILK 



Cflitni (%) 


Noiuprotcm nitrogen {mglWOmI) 

w 

Iiutial 

At 

gelation 

Change 

per 

month 

Initial 

At 

gelation 

Change 

per 

month 

Time of 
gelation 
{months) 


UHT sienhzuf nulk 
85 2 62 0 

78 

37 

80 

14 4 

3 

29 

85 0 

70 0 

1 5 

32 

52 

30 

10 

72 

84 7 

72 1 

25 

35 

50 

3 0 

5 

47 

84 3 

76 0 

06 

26 

60 

26 

13 

70 

— 


— 

28 

120 (78)" 

100 

5 

28 

— 

— 

— 

28 

78 (67)" 

56 

>7 

28 

— 

— 


28 

54 (58)" 

29 

>10 

28 

Concentraicd milk 

85 0 80 0 

1 4 

24 

32 

02 

4 

34 

89 2 

82 0* 

I 0 

21 

28 

0 I 

7 

90 


" The non protein nitrogen values were obtained after nine months of storage The 
values m parentheses are estimates for the time of gelation, assuming a linear 
increase of this fraction with time of storage 
The percentage of casein remained unchanged during the first 2l months, then 
started to decline 

(mg/lOOml milk) at gelation lime The relative rates, shown as an 
approximate decrease of percentage of casein per month or increase of non- 
protein nitrogen per month, correlate well with the gelation time of either 
unconcentraled or concentrated product, however, there does not seem to 
be any critical level of protein breakdown at which gelation could be 
observed The UHT treated, concentrated milk gelled sooner than 
unconcentrated milk even though the rate and extent of protein breakdown 
were considerably lower than in milk Also, m UHT milk from different 
laboratories, which showed approximately the same degree of protein 
breakdown,*’’ the time of gelation was markedly different 


7. GELATION OF RETORT STERILIZED EVAPORATED MILK 

Gelation is not usually a problem during storage of evaporated milk, retort 
sterilized m containers However, Hcintzberger el al occasionally 
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observed gelation m these products They investigated this problem md 
demonstrated conclusively that gelation was caused by pro oog 
(2-3 days) cold storage (4°C) of the concentrate before canning an 
sterilization The products sterilized after cold storage invariably ge e 
after about seven months of storage at 28 ‘’C, but those sterilized 
cold storage remained liquid for more than l 2 months ^ 
investigators tested evaporated mdk of different composition and o 
gelation only in concentrates with Fat SNF ratio of 9/22 or 10/23 an n 
m 8/18 standard samples Typical results obtained with 9/22 

shown in Table 1 Usamples 1 and 2) Additional heat treatment (1 15 


TABLE 11 , 

AGE-THICKENING AND GELATION OF STERILIZED MILK STORED AT ZU 


No ConcentraU Holding 
falls NF ai4'=C 

(%/%) (da}s} 


Relaine iiscosity 
storage (months) 


1 

9/22 

0 

None 

— 


2 

9/22 

3 

None 

— 


3 

9/22 

0 

NajHPO* 75g/IOOkg 

— 

— ' 

4 

9/22 

3 

Na^HPO^. 75g/100kg 

— 

■F + 

5 

9/22 

3 

Additional heating 
U5X/lmm 



6 

8/18 

0 

None 

67 

11 4 

7 

8/18 

3 

None 

126 

75 3 

8 

8/18 

3 

Aniicool aging 

13 8 

81 7 

9 

8/18 

0 

Aeration 

11 4 

15 2 

to 

8/18 

3 

Aeration 

9 8 

51 5 

11 

8/18 

0 

0 t % H,Oj 

54 

21 0 

12 

8/18 

3 

0 

6 1 

>100'’ 

13 

8/18 

3 

Deaeration 

11 4 

59 7 

14 

8/18 

3 

0 2% BHT 

78 

53 1 

15 

0/19 

0 

None 

25 

3 9 

16 

0/19 

3 

None 

38 

31 2 

17 

0/19 

0 

0 1% HjO, 

28 

>100' 

18 

0/!9 

3 

0 1% HjOj 

3 1 

>100 


136 
89 1 
>100 
33 0 
69 2 
48 0 
>100 
74 8 
69 0 


>100 

>100 


“ Data for samples 1-5 taken from Heintzbcrger et al data for samp cs 
taken from Harwalkar ei al u-nus 

The«scosityratingsforsamples I 5 were as follows — 

•f +, slrongly VISCOUS + -f -N, solid ge! These correspond to <20.20-50. 5 

and > too relau\e viscosity units respccUvely in samples 6-18 
^ The sample had a relative viscosity of 48 6 after 3 months of storage 
The sample had a relative viscosity of 4 5 after 3 months of storage 
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0 5-1 mm) of cold-stored concentrate before sterilization provided a slight 
protection against gelation but did not prevent it (sample 5) Ortho- 
phosphate was not considered to be involved in gelation (samples 3 and 4) 
Recently, Harwalkar et a/,^^ working with 8/18 standard evaporated 
milk and evaporated skim milk (19%TS), have confirmed the unusual 
observation by Heintzberger et ai of gelation in retort sterilized 
evaporated milk The 8/18 standard concentrates held at 4®C for 3 days 
before stcnhzation significantly increased in viscosity or gelled within 
6-9 months but remained liquid for more tlLin 12 months when sterilized 
without cold storage 

An explanation for the unusual gelation problem was sought by 
examination of possible involvement of (i) alteration of casein micelles and 
(ii) oxidation/reduction reactions 

(i) Some of the changes m the casein micelles resulting from cold 
storage are known to be reversed by heating at 55-60°C for 30 min 
(the so-called ‘anticool-aging’ treatment) Cold storage of milk is 
known to delay its coagulation by rennet ^ The delayed coagula- 
tion time, presumed to be the result of changes in casein micelles 
during cold storage, is reversed by ‘anticooUaging’ treatment Such 
aniicool-agmg’ treatment was inefleciive in preventing gelation 
and possibly hastened it slightly (sample 8) Therefore, the change 
in casein micelles leading to storage gelation must be of a different 
nature from those affecting rennet coagulation lime 
00 Aeration or incorporation of HjOj m concentrated milk, sterilized 
without cold storage, increased its viscosity during storage (sam- 
ples 9 and 1 1 in Table 1 1) Treatment of cold-stored samples with 
HjOj accelerated gelation (sample 12), whereas aeration or de- 
aeration of the cold-stored sample did not affect it significantly 
(samples 10 and 13) Likewise, treatment with antioxidant was 
ineffective in preventing the age-lhickening process (sample 14) 
Retort sterilized evaporated skim milk samples were more 
susceptible to gelation than evaporated milk but the cold-storage 
treatment and incorporation of HjOj had similar effects on both 
samples (samples 15-18 versus 11 and 12) 

It was observed in these experiments that samples that had 
become viscous or gelled did not contain micro organisms capable 
of growing and showed no significant change m pH or proteolysis 

The above observations strongly suggest a physicochemical rather than 
an enzymatic basis for the gelation of retort sterilized evaporated milk The 
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results demonstrate the Xh resTreaenons 

the gelation phenomenon but the mechanism 
influence gelation is not clear 

8. mechanisms of gelation 
T he current state of knowledge is '"'““^"‘^^^(or^oncenOT^^ 

Ilncidationoflhemechanismofgelatiooins J henomenon ha« 

during storage Vanous “P'“f“"tA ,„ 'ilk during storage and on the 
been offered based on changes observe*! m However. 

basis of examination of conditions thatalte ^^^^^^ further 

these explanations are mostly of “ s^^ • y, explanations 

substantiation A brief discussion of Mine ° ' f^^,„er research 

presented below with the hope that it roored sterilized milkresn 

ltisnowgenerallyaceeptedlhatgelal.onofsto^^ a 

reXrrxx^ 

Xlles as a result of which ‘bey fX that lead to th 

susceptible to interaction and ‘'*=^b‘b'b»''o ^b gevera 

weakening of the , Mechanism of gelation an . 

models have been hypothesized to exp am the m 
,n general, the changes that tngger the loss of stability 

fall into two categories enzynwue 

(i) changes that anse from proteinase activity 0 e 

f.„ Sges that arise from non.nzymatic reactions (le w* “ 
physicochemical basis) 

8 1. Proteinase Hypothesis ^r.«mmnied by an increase^ 

Storage gelation of UHT slcnlized milk is accompa to 

. - . I nrnHlICtS 



CaiClUnUWna - jg 29 S6 47 5» '.z lu avaeo- ^ ,, 

IXaX ':?XsmnS^Mor concentrales, lakes place by 
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mechanism analogous to that of rennet coagulation in which an enzyme- 
triggered primary protein degradation step is followed by a secondary 
aggregation reaction resulting m gelation 
The enzyme hypothesis is further supported by the striking resemblance 
of the pattern of viscosity changes before gelation and the coagulation 
kinetics of rennet-treated and aged sterilized milks On the basis of 
extensive theoretical treatment, Payens^^^ considers that the phenomenon 
of the initial age-thmning, followed by an explosive growth of the average 
particle weight, results from the action of a clotting proteinase He rules out 
non-enzymatic coagulation on the ground that such coagulation would be 
accompanied by a linear increase in weight-average molecular weight 
(A/^) with time, t, according to the equation developed by Payens^^^ and 
as simplified by Schmidt 


Afw 

A /,-0 




( 1 ) 


where is molecular weight at zero time and /f is a constant The 
enzyme-mediated clotting, which is preceded by an explosive growth of 
average particle weight, is explained satisfactorily by the following 
equation 



where t, the so-called enzyme clotting time, is equal to k' being 

the rate at which coagulation particles are formed and K, the coagulation 
rate constant 

Equation (2) predicts that when t is very small compared with t, will 
decrease but when t > z, the molecular weight will increase explosively This 
predicted behaviour was observed by turbidity and viscosity measurements 
also in model experiments on clotting of casein by chymosm or trypsin but 
the time-scale was considerably smaller 

A study of the coagulation kinetics can explain sausfactorily certain 
forms of gelation in sterilized milk but is not applicable to some other types 
of gelation, for example in samples of stenlized milk, where gelation was 
observed without accompanying proteolysis^^ or in samples where 

gelation could not be correlated with the rate and extent of proteolysis, as 
influenced by storage temperature^® or presence of additives such as 
phosphates, citrates and hydrogen peroxide, etc (see section 5) Also the 
observation of gelation in evaporated milk that was cold-stored before 
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retort sterilizatton,^^ and the failure to prevent gelation of 
sterilized concentrates by an additional retort sterilization treatment, ar^ 
incompatible with the proteinase hypothesis Furthermore, in a 
study of physicochemical changes dunng storage of UHT stenlizcd 
concentrated casein micelles from aseplically drawn milk, dc Konmg ao 
Kaper'^^ reported typical age^thinning followed by gelation without 
accompanying proteolysis They controlled proteolysis by addition o 
trypsin inhibitor . 

Although proteinase have been isolated from some UHT stenli^ 

milks,*^^ It has not been possible todemonstrate their presence moihcr 

stenhzed products, for example m UHT sterilized concentrated milk or 
10% cream Furthermore, there is a wide variation in the nature an 
extent of proteolysis and the occurrence of gelation could not be related to 
any specific degree of protein breakdown (Table 10) This apparent lack o 
relationship between gelation and degree of proteolysis could be ihc resu 
of wide variations in the specificity of the proteinase that arc natural to nu 
or that are of bacterial origin Some of these proieinases lack the 
specific proteolytic action of rennet, which primarily attacks the Pbe-Mc 
bond between residue 105 and 106 of ivcascin to yield a (gl>'co)m 3 cro* 
peptide and pard*»w<asem In rennet treated milk, 80-90% of v-casem is 
degraded before an increase m viscosity is registered**^ 
sterilized milk (or milk concentrates), only 5-10% of A-casem is degrad 
as evidenced by the observation of low levels of macropeptide at the ume 
gelation Presumably, these enzymes affect the surface of the casein 
micelles differently from rennet to create sites at which the interaction an 
aggregation reactions occur However, cxpenmental evidence to suppo 
such a hypothesis is lacking 

8 2. Non-enz}matic Basis for Gelation 

The proteinase hypothesis has wide appeal because it provides readily i 
‘cause' and ‘effect’ aspects of gelation but the failure to detect a proteinase 
and to correlate the rate and extent of proteolysis to gelation in sotn^ 
sterilized milk products has led to the suggestion that gelation results from 
a modification of the surface properties of casein micelles by noo- 
enzymalic, physicochemical processes HostetUer el al obser- 

ved that extensive proteolytic breakdown accompanies the gelation o 
unconcentrated milk but were unable to observe such proteolysis dunng 
the gelation of UHT sterilized concentrated milk They suggested that 
gelation of concentrated products was affected by the nature and extent o 
heat induced complex formation between the whey proteins and caseins u 
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milk subjected to a severe heat treatment, for example autoclaved milk, a 
complete and irreversible interaction occurs between whey protein and 
casein and the resultant complex protects the micelles from further changes 
and interaction with each other during storage The milder heat treatment, 
as in UHT treatment by direct steam injection, leads to the formation of an 
incomplete and reversible complex that does not protect the micelles from 
further changes and interaction during storage A similar suggestion was 
also made by Graf and Bauer * ^ who consider the U HT heat treatment to be 
insufficient to ‘complete the heat-induced micellar transformation The 
subsequent rapid cooling “freezes” an unfinished micellar state which is 
unstable’ The incomplete nature of the complex is evident from the 
experimental observation of residual undenatured whey proteins in UHT 
sterilized milk, but the reversible dissociation of the complex, as suggested 
by Hoslettler et al has not been substantiated The hypothesis 
suggesting protective action of the complex against gelation is less tenable 
because gelation was observed m some evaporated milk samples that were 
cold-stored before stenlization by the retort method In these samples 
the sterilization heat is sufficient to form an irreversible complex Further- 
more, increasing the level of whey proteins,^ ^ which presumably increases 
the degree of the complex formation, hastens gelation m HTST stenhzed, 
concentrated milk 

A chemical modification of casein micelles by Maillard-type’^® 
reactions or by disulphide bonding*’ has been implicated in the 
mechanism of gelation Andrews and Cheeseman"** suggested that 

the gelation of UHT sterilized milk is linked with the polymerization of 
casein and whey proteins through MaiUard-lype reactions which are 
promoted as the temperature of storage is increased However, the failure 
to observe gelation during storage of sterilized milk at temperatures above 
35 °C IS not consistent with their suggestion Substituting sorbitol for 
lactose did not prevent gelation of UHT stenhzed concentrated suspen- 
sions of casein micelles ^ Others’* have suggested that the blockage of 

e-NHj groups of lysine residues by interaction with lactose or its 
degradation products prevents casein micelles from interacting and gelling 
These reactions presumably modify the charge of the casern micelles but 
their significance in the mechanism of gelation is not clear as yet 

Modification of the surface properties of casein micelles may also be 
caused by partial dissociation of the micelles during storage (see section 6) 
This process of dissociauon or ‘shedding' could expose regions on the 
surface of casein micelles that promote interaction between casein micelles 
However, the forces that lead to the 'shedding' of sub-units are not known 
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Another hypothesis of gelatio , r /»Vi;inees in free energy 

ca«elles, is considered in “las.able stale 

micelles in sterilized milk arc perceived “ ^ ® spontaneous Iran 


high surfcice poteniidi uuv^s, « noiential to more swui^^ 

foraation of the micelles a hi^ P jum^ 

with lower surface potentials occurs a potential differe 

:r;=:sssr3s;-c 


which promotes aggicfeav.w*. w. . noiential miceuc>. . 

becomes evident as a pronounced -adiuves is believed to res“ 

mfluenceofanintensetot™^^^^^^ 


=ESIr==r=S"s-- 

approach 


9. CONCLUSION 

sterilized products in practical situations ^ „„,;,rfd 

. ™.iu 


w 


( 11 ) 


d products in practical situations ^,cnliz‘i> 

Assurance of ,ood-^at„y m.lk ,n 'J' “^ff/puo a mm.i"um 

products Microbial conuminalion should be P'‘>‘““rik 

by mamuiniug good hpenic “y /orage of m* 

and processing of milk by minimizi g ^ storage 

and by thermizauon treatment of ™“‘ ^ ^«""''‘'"me 

Adequacy of hear iLu\t to de.ciuau= 

What constilulcs adequate heat Ircatmeni 
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because of wide variation in the quality of raw milk processed m 
different geographic regions and at different times Generally, 
slightly more severe heat treatment than is necessary to achieve 
commercial sterility is bcneHcial m delaying gelation However, 
such beneficial effects must be weighed against undesirable flavour 
changes 

(ill) Maintenance of /oner temperature of storage ensures longer 
gelaiion-free shelf life The sterilized products should be stored, 
where possible, at cooler temperatures (<20‘’C) Storage at 
refrigeration temperatures is beneficial from the point of view of 
flavour changes and gelation but it nullifies the primary advantage 
of UHT sterilized products, namely, the possibility of storage at 
ambient temperatures 

(iv) Incorporation of additties Polyphosphates, thus far, appear to 
offer best protection against gelation 
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CHANGES IN THE PROTEINS OF RAW MILK 
DURING STORAGE 

Ernst H Reimerdes 

Instititt fu) Chemie und Physik, Bundesanstalt fur Milchforschwig, 
Kiel, Fedeial Republic oj Germany 


1. INTRODUCTION 

Milk technology has a broad biochemical background In particular, the 
presence of proteolytic enzymes is closely correlated with the technological 
properties of milk and the quality of dairy products Besides heat 
treatment, storage of bulk milk at 2-6 ®C is the most suitable procedure to 
avoid undesirable quality changes caused by contaminating micro- 
organisms The introduction of cold storage of bulk milk has been 
necessary for economic and practical reasons related to centralization in 
the dairy industry It has, however, resulted in a number of unexpected 
problems The fermentation properties of cooled raw milk are significantly 
different from those of fresh raw milk This has been found to be partially 
due to a change from mesotrophic to psychrolrophic micro-organisms and 
partially to proteolytic reactions The resulting problems during fermen- 
tation, e g proteolysis and lipolysis instead of lactic acid formation, have 
been solved by pre ripening milk using mesotrophic starter cultures 
Changes in the properties of bulk milk stored at 2-6 ®C may require 
important modifications to be made in the normal processing, e g during 
checsemaking Coagulation time and curd formation, m particular, are 
influenced by cold storage and arc in some cases delayed as much as J 00 % 
Systematic investigations have shown that these differences are not due to 
changes m the contaminating microflora but to changes in the milk itself 
The effects of cold storage on the processing parameters of raw milk are 
related to the micellar character of the casein fraction of the milk, proteins 
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like enzyme Furthermore, an acid proteinase, which is associated 

with /?-casein,^^ and a neutral enzyme, which has a high specificity for 
as 2 *casein, have been reported 

Ammopeptidase activity, known to be present in bovine milk, has been 
characterized recently ^ ^ While the endoproteinases are associated with the 
casein micelles, the ammopeptidase activity is found in the milk serum 
There is one report^ on the association of a plasmin like enzyme with the 
fat globule membrane 

Most of the punfication work has been performed with conventional 
biochemical methods such as acid extraction of casein, ammonium 
sulphate precipitation and/or chromatographic techniques ^ ® ^ 
Questions related to the origin of milk enzymes have centred on similarities 
between isolated trypsin-like enzymes and plasmin prepared from blood 
serum ^ In most cases, whole or individual caseins have been 

used as substrates for determination and characterization of proteolytic 
activities p Casein has been the preferred substrate, primarily because of 
Its involvement m the formation of y casern by trypsm-like enzymes 


3 RECENT DEVELOPMENTS 
3 1. Determination of Proteolytic Activities 

Casein is one of the most common substrates for the evaluation of 
proteolytic activities,®"^ 10243740 primarily because of its availability, 
stability under storage conditions, and its random, non helical structure 
which allows its application with most proteolytic enzymes without 
preceding denaturation The extent of proteolysis is generally determined 
by measuring absorption at 280-295 nm of the clear filtrate remaining after 
acid precipitation of unaltered casein This adsorption, e g the so-cafied 
tyrosine value, is attributable to the presence of aromatic amino acids m 
the acid-soluble peptide fragments Dirwt companson of the values 
obtained in this manner with Kjeldahl nitrogen, or nmhydrin determina- 
tion of free ammo groups, indicates that there are several problems 
associated with measurement of proteolytic activities m this manner,* ^ 
particularly if individual caseins, c g /I-casein, are used 
P Casein is the preferred substrate for characterization of milk serine 
proiemascs because the pepude bond Lys28-Lys29 is highly suscepuble to 
proteolysis and leads to the , -casein However, since the resulting soluble 
peptide fragment of /J-casem (residues 1-28) contains no aromatic amino- 
acids, no proteolytic activity is detected by measuring absorpuon at 
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was used to isolate trypsin-like enzymes and plasminogen/plasmin under 
almost identical conditions from milk and blood serum, respectively, 
obtained from the same animal.'^^*®* Lysine bound to Sepharose by the a- 
amino group (achieved by coupling at pH 8-9 to exploit the difference in the 
pK values of the two amino groups of lysine) simulates the weak plasmin 
inhibitor, 6-aminohexanoic acid.®^ Elution was performed at pH 7-2 with 
sodium acetate buffer containing 0*15 M NaCl and 0-1 M lysine.^®'^^"^^ 
The results confirmed earlier data, obtained using ion exchange chromatog- 
raphy,^** that there are two serine proteinases in the proteinase prepara- 
tion obtained from casein micelles (Fig. 1), One binds to lysine-Sepharose 
like plasminogen/plasmin and will be called plasmm-like enzyme or milk 
proteinase I. The second enzyme, which does not bind to lysme-Sepharose, 
will be called thrombin-like enzyme or milk proteinase II. 



Fjg. L Isolation of two senne proteinases by affinity chromatography on lysme- 
Sepharose from the trypsin-Ukc enzyme fraction of milk (ref. 20, with permission of 
Milchnissenschaft). 


Affinity chromatography results in a 180-220-fold increase in the specific 
activity of milk proteinase I and plasminogen. The plasminogen/plasmin 
fraction was resolved into enzyme and zymogen components by gel 
filtration chromatography. For kinetic evaluations, the highly purified 
enzyme preparations were stabilized by partially hydrolysed gelatin, which 
does not influence the kinetics b^use it contains no lysyl-or 
arginyl-pcptidc bonds. 
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3.4. Characterization and Comparison of Proteolytic Enzymes with 4- 
Nitroanilides 

4-NitroaniUde derivatives of several amino-acids are available to detect and 
characterize proteinases,*^'"'^"^’"^® differentiation between endoproteinases 
and ammopeptidases is also possible by using substituted and free amino- 
acid-4-nitroanilides Eleven 4-nitroanilides have been used to characterize 
and to compare the proteolytic activities present in casein micelles, milk 
serum and in blood serum ^ ^ The relative proteolytic activities at pH 7 8 are 
shown in Fig 2 

Micelle-associated enzymes (Fig 2a) show typical trypsin-Iike activities 
in that primarily lysine- and arginine-4-niiroanilides are hydrolysed 
Entirely different patterns are obtained with bovine milk and blood sera 



Subsiraie 

Abbreitation 

1 

Glycine 4-nitroaniUde 

Gly-4-NA 

2 

L-Alanme-4 nuroanilide 

L-Ala-4-NA 

3 

L-L«ucme-4-nuroanihde 

L-Leu-4-NA 

4 

L-Phenylalanine-4-nitroanihde 

L‘Phe-4-NA 

5 

L-Tyrosine-4-nitroanilide 

L-Tyr.4-NA 

6 

L-Lysine-4-nitroanihde 

L Lys-4-NA 

7 

N-Acty!-L-alanine-4 nuroanilide 

N-Ac-i.-A!a-4 NA 

8 

GlutaryI-L-phenylalanme-4-n»lroanjlide 

Glu-L-Phe-4.NA 

9 

N-Acctyl-L-tyrosinc 4-nuroanilide 

N-Ac-L-Tyr-4-NA 

10 

Na-Benzoyl D,L-lysine-4-nitroanilide 

d,l-BLPA 

11 

Na-Ben2oyl-D,L-argmine-4-nilroanilide 

d.l-BAPA 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 



Fig 2 The rcJjUve proleolyljc jctivities of bovine protcinases (a) from the 
casein micelles, (b) from milk scrum and (c) from blood serum (ref 15, with 
permission of Milchnissenschafi) 
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(Fig 2b and c) which contained significant aminopcptidasc' activities, 
particularly for alanine-, leucmc- and lysmc-4-nitroanilides Only non- 
specific proteolysis of d,l-BAPA and d,l-BLPA, which are typical 
substrates for trypsin-Iike cndoproteinascs, was found m bovine milk and 
in blood serum Direct comparison of milk scrum with blood serum from 
the same animal showed extraordinary homology in the proteolytic profiles 
except that concentrations of enzymes were significantly higher in the 
blood serum This indicates that these might be directly transferred from 
the blood into the milk This has been demonstrated for bovine serum 
albumin and is obviously possible for plasmm also 


3.5, The Proteinase Inhibitors of Milk 

While the presence of indigenous milk proicmases has been the subject of 
many investigations, relatively few data are available on the proteinase 
inhibitors and were predominantly obtained for trypsin inhibitors m 
bovtnc colostrum’*"’* which contains high concentrations of trypsin 
inhibitors A trypsin inhibitor with an isoelectric point at pH 4 2 has been 
isolated from colostrum and crystallized ’■* ’* 

Bovine colostrum inhibitor, which consists of five iso-inhibitors, con- 
tains 67 amino-acids and is difierent from the pancreatic trypsin inhibitor 
although 21 of the amino-acids are m the same position m the sequences of 
both types of inhibitors ’* 

The level of irypsm inhibitors m bovine milk is quite low I ml of milkcan 
inhibit 200 Jig trypsin to the extent of 95% Heating above 75 “C causes 
partial inactivation of the inhibitors 

The proteinase inhibitors of milk have been purified by molecular sieve 
chromatography** and characterized against various proteinascs Bovine 
milk contains inhibitors not only against senne protemases, e g trypsin, 
but also against SH-protcinasessuch asficin Separation of the two trypsm 
inhibitors from the indigenous milk senne protemases was achieved at pH 2 
where the trypsin mhibilor-lrypsin complex is supposed to be fully 
dissociated ** The two trypsin inhibitor fractions of milk differ m 
molecular weight, the high molecular wci^t fraction amounts to l\~'20/o 
of the total inhibitory capacity 

Fellenberg and Horber'*’’ were able to differentiate between the trypsm 
inhibitors in bovine milk and colostrum According to their results, 
colostrum contains four trypsin inhibitors, three of which are soluble m 
perchloric acid, while milk contains significant amounts of the a-I' 
proteinase inhibitor of blood serum aswell as traces of a-2-macroglobuhn 


I 
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They also discussed two aspects of the physiological 

Ihibitors, namely protection of antibodies against digestion and inhib.tio 

of lysomal enzymes in mammary cells 


4. DISSOCIATION OF THE MICELLAR SYSTEM DURING 
COLD AGEING 

Raw milk may be defined as a polyd.sperse system which 
of 38”C direct after milkmg This extremely “““ 

very stable, creaming and microbiological deterioration a e well know 
changes which take place during storage Storage of bulk ™ f ^ 6 C is 
one of the most suitable procedures to avoid undesirable ^ ® 

inhibiting the growth of contaminating ■">‘=™-°rganismii, no problem 
wereexpectedconcerningthe microbiological, physical and chemical status 

“'Zrver, the microflora of raw milk are altered by bulk storage at 
For cheese manufacture the problem nrocessmg 

including a pre-ripemng step, using special cultures, 

“"l^aldition to changes in the microbiological status of raw milk, sev«al 

physical and chemical alterations occur, including c ang asvvellas 

coagulation timeandcurdfirmness,andreduccdy.eldso^^^^^^^^^^^^ 

increases my casein content and flavour defects i rhemical 

due to reversible and irreversible changes m the p ysica j 

status of raw milk While reversible changes are concerne P , 

salt equilibna, irreversible changes are due to proteo ysis 1 raw 

milk stored at 2-6 °C should be considered as ‘processed mil . ,3 

matenal with altered characteristics ” As early Mu‘lcr 

described how during cold storage for prolonged perio s ,,„(,„a. 
properties of milk were changed and since that time numero 
tions have been concerned with the factors which are c ange 
during storage at 2-6 ”C 

4.1 Dissociation of the Casein Micelles a .i,„ nrems 

Many factors including pH, calcium phosphale/citrate stability 

themselves can affect the protein equilibrium in milk an ir„im and 

Schwarz e, al '<» reported that cold storage reduced the cak urn and 

phosphate content of milk ultrafiltrate by ( soluble 

supported by Frickcr However, Davies cl al found lha 
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Fig 3 The concentration of Os-casein m milk serum after storage for 4h at 
various temperatures The micellar protein was sedimented by ultracentnfugation 
(190 000 g, 2 h) at the storage temperatures Shaded, /?-casein, unshaded, aj-casem 
(ref 58, with permission of J Dmry Research) 


particular the cheesemaking parameters (rennet coagulation time, curd 
firmness and whey drainage) are influenced to such an extent that 
processing schedules have to be changed 95-102 109 bosses in cheese 
yield of up to 10 % have been reported Attempts have been made to re- 
establish the properties of the original raw milk, for instance by pre- 
npening,^* addition of calcium chloride’’ and adjusting the pH 
Besides, heat treatment seems to be a useful method of causing readsorp- 
lion of solubilized casein on to the micelles in order to re-establish the 
original cheesemaking properties of raw milk ” * Thermization at 60 °C 
for 30 min results in a protein content in the milk serum equal to that of the 
original fresh raw milk, indicating that a protein system needs long-term 
treatment for re-establishment of equilibrium due to the macromolecular 
character of its components ” 


5. PROTEOLYSIS IN MILK DURING COLD STORAGE 

The presence of proieinases in milk is associated with several technological 
problems occurring during milk processing and storage Among these are 
gelation during storage ofUHT milks, proteolysis and associated flavour 
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and Icxlural defects in cheese or m milk povrdcr, and the formation of v* 
and P-casems from /?- and ajj-cascins, respectively 
Unlike the reversible changes m casein and milk salts equilibria, proteolysis 
causes irreversible aUerations in milk during storage 
The proiemdses may be indigenous, as described m the first part of this 
paper, or they may be produced by a contaminating micro-organism 
There are several parameters indicative of proteolysis in milk non-protem 
nitrogen content, bitter peptides, and .J-cascins, and empirical ones, sue 
as off-flavour caused by peptides, gelation and changes in viscosity 
Preliminary data on proteinascs prepared from casein micelles show high y 
specific proteolysis of /?-cascm to y-caseins and only non-specific degra a- 

Uon of a,,- and K-casem Snocren and Van Ricl‘“ describe a 

highly specific degradation of a, 2 -casem by trypsin-hke milk proteinascs 
5.1« Proteolytic Degradation of /?>Casein 

By sequence analysis it has been demonstrated that the /-caseins are 
terminal fragments of the corresponding /^-caseins The y-casc'f’ 
concentrations m vanousmdks vary from2 to 10%,^° suggesting 

that these concentrations are influenced by environmental parameters sue 
as storage conditions 

Equilibrium studies on milk proteins revealed that /?-casein dissociates 
from the micelles into milk scrum on cooling During purification of t^e 
trypsm-hke milk proteinascs I and II, Rcimerdes and Klostcrmeyer 
found that these eniymes are proportionally released with j?-casein into t c 
serum Model experiments have confirmed that proteolysis of ^-casein y 
pldsmin, trypsin or irypsin-like milk proteinoses results in formation o > 
casein and pbosphoproteins Therefore, high concentrations 

of y-casein are as anticipated in view of the physical chemistry of the mi 
protein system Evaluation of y-case»n formation during storage of raw 
milk is demonstrated in Fig 4 ** The y-casein content was estimated by a 
simple extraction procedure with organic solvents y Caseins are soluble m 
organic solvents because they are even more hydrophobic ihan^-casem, 
having lost the hydrophilic TV-lermina! phosphopeptides during prote 
olysis From a senes of solvent systems, the combination of I-propanol an 
diethyl ether (2 l,v/v) was found to give best results After incubating * ® 
milk at a given temperature, the casein fraction is precipitated at pH < 
sedimented by centrifugation, resuspended for 30 min m the above sol^^ 
system, filtered and the soluble fraction recovered by evaporation 3 
residual proteins were determined by the Kjeldabl method and identified y 
polyacrylamide electrophoresis Typical results for y-casem formation m 
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Fig 4 Amount of v-casem extractable tn 1-propanol *=lhy' «her (2^1 . 

milks at dilTerent storage times and temiKratures The P joiygnj was 

suspended in the solvent system for 30min After . K’leldahl 

eva^rated and the protein content of the 

method (ref 58, with permission of J Dairy Researdt) 


raw skim milk at 4, 11 and 26 °C are shown in Fig 4 The 
at 26 “C shows a significant decrease in the concentration of r-caseins 
which could be due to further degradation by ammopeptidases Pp“nt 
the milk serum “Further, less specific degradation by the irypsm-hke milk 
proteinases might be also possible because they are derived via 
three bonds in the /J-casein molecule, viz 28-29, >05 m and 10 , 

while /i-casein contains at least 15 peptide bonds with lysyl and argmyl 
residues, which can be hydrolysed by trypsm-like enzymes uring 
storage there is a significant increase in y-casem 

at 4 °C than at 1 1 °C This is in contrast with what would be expected on the 
basis of normal enzyme kinetics and can be explained by the dissociation o 
the substrate (/J-casein) and the enzyme (milk proteinase) from the cas 
micelles at low temperatures, followed by proteolysis is is 'ti goo 
agreement with the results of Rollema and Visser' who were able to 
remove a irypsin-hke enzyme from casein by specific lysine extraction, 
demonstrating the high binding capacity for lysyl resi ties ig er 
temperatures, e g 26 ”C, /i-casem and the enzymes are partly immobilized 
by hydrophobic association with /J-casein, allowing only hmile prote 
olysis However, this is only a partial explanation since y<asein may 
account for up to 10 % of total casein in some fresh (unstored) raw milks 
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which suggests that there muy be some special mechanism for proteolysis 
during casein and micelle formation in the udder Hence, these results show 
that cooling raw milk can cause appreciable changes in its casein 
composition, especially of the /l-cascm, and arc supported by numerous 
papers concerning m iitro digestion of ^-caseins by trypsmdikc enzymes, 
e g by plasmin, resulting m /-caseins and the corresponding phospho- 
peptides 

Relatively few data arc available on the A^-lerminal phosphoproleins 
which arc formed during /J-casein degradation Groves el al Kolar and 
Brunner*® and Andrews'^* pointed out that they were found m the 
proteose-peptone fraction of milk These results were confirmed with a pure 
reference phosphopeplidc, obtained by in iitro model proteolysis of 
casein by plasmm or trypsin ** With such reference proteins quantitatnc 
measurements of phosphopeplidc, as well as of y-casem formation, by 


electrophoresis and densitometry were performed 
Beside the formation of y-casems, there are two reports on a specific 
proteinase which degrades ^-casein at an acidic pH optimum ** 
direct occurrence of this enzyme with the /J-casem fraction was demon 


strated,** it mainly hydrolyzes oi,-casein 


5.2 The Proteolytic Degradation of a,-Cascin and x-Casem 
While there is considerable information on y-casem formation from p 
casein, few results exist on the degradation of a,- and K-casems by the 
indigenous milk proteinascs Aimutis and Eigel 

showed m model experiments that the A-caseins are formed by proteolysis 
of a,j-casein by plasmin The close association of A-casem with «,-casein 
may be responsible for the paucity of information available on these 

fragments Snoerenern/^’^* reported on the specific proteolysis o 

aj 2 -casein by trypsin-like milk protemases and found equal specificity for 
a, 2 *casem and ^-casein 

Only in vitro expenmenis have been made on K-casein degradation ^by 
the trypsin like milk protemases resulting m so-called e-casem ^ ' 

Proteolysis appears to be very unspecific and only slow degradation was 
found 


5 3. The Technological Significance of Proteolysis in Milk 

Most investigations have dealt with the heat stability of milk and nti 
products Especially during long term storage, the influence of^ tn^ 
indigenous protemases in sediment formation or gelation^ ‘ loaiii 
IS of importance There are differences concerning the inactivation of the 
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milk proteinases due to varying UHT treatments The influence on 
cheesemaking properties has been discussed and proteolytic reactions may 
be involved with off-flavour development, especially during cheese 
ripening 
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Chapter 9 


NUTRITIONAL ASPECTS OF MILK PROTEINS 

Leif Hambraeus 

Umiersity of Uppsala, Uppsala, Sweden 


1. INTRODUCTION 

One of the major characteristics of the nutritional 
neonatal period in mammals is the fact that the offspring ® 

Single source of nutrients, milk Consequently, ^ Furthermore 

possibility to compensate for any lack of nutrients ® ,u.ot,on of 

during this period there is very pronounced grow , , 

tissues which creates an increased demand for essentia n , to 

same time there is a reduced tolerance for deviations m food '"‘“e ° 

the immaturity of the liver and kidneys, both of which play essential roles n 
the metabolism and excretion of metabolites Consequently it has, nghtly 
or wrongly, been assumed that the milk composition o any mam 
species IS the definitive indicator of the neonatal requirements of th 
offspring It IS quite obvious from analyses that there are 

the composition of milks from vanous species (Table 1) 

logical to assume on a teleological basis that the composition o mi 
different species represents the optimum composition o nutnen ® ^ 
during the newborn period of that species It was anticipate a 
would be a relationship between the rale of growth of t e o spri S ^ ^ 
nutrient density, i e the amount of essential nutrients per energy uni 
Bernharf^ demonstrated a linear relationship between the percentage ot 
protein energy in milk and the growth rate of the newborn, expressed as t he 
logarithm of number of days to double birth weight, when milks from nin 
species were compared , , 

In the induslnalized world, dairy products play an essential ro e in 
human diet and milk proteins constitute 20-30% of total dietary protein 
289 
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Man 
Goat 
Cow 

Water buffalo 
Indian elephant 
Sheep 

Rat , 

Northern fur seal 

Blue whale 

■ Expressed as g p«r 10^8 and the of 

r*ss?r-.':=iSS5=Hr“^^ 

their content of essential n different regions of the w ^^od 

future 1* of the offspnns, as uell as 

questions arise „rtn<; components oft 

fur the development of , Ihe most relevant sour 

What evidence do we have that milk is t ^e the opumv 

nutnentsi During vrhat “8' constituents in the hum 
food’ Are milk products alway 

Lmmants, environmental pollution 


( 11 ) 
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Based on observed differences m the composition of milks from various 
species, Jenness^ divided milk components in the following groups 

0) Organ- and species-specific, 

(n) Organ-specific but not species-specific, 

(ill) Not organ-specific but species-specific, 

(iv) Neither organ- nor species-specific 

It can be assumed that those components which are both milk- and 
species specific are of greatest nutritional and metabolic interest This 
hypothesis is especially valid with respect to milk proteins 
No doubt the proteins in milk represent some of the most essential 
nutrients as the availability of essential amino-acids is a necessary requisite 
for the formation of new protein dunng the rapid growth penod after birth 
All milks analysed to date contain considerable amounts of protein 
although Its concentration varies between 1 and 20 % when milks from 
various species are compared * There is also very pronounced variation m 
the number and types of proteins present in milks from different species 
Milk proteins have been intensively studied throughout the years by 
protein biochemists ® Thus, Mulder,’ who originally gave proteins their 
name, devised one of the first acid precipitation methods for the separation 
of bovine casein Originally casern was assumed to be the only or major 
specific milk protein while most of the less abundant milk proteins were 
thought to be derived from blood Later extensive studies have shown that 
many of the non<asein proteins in milk are also synthesized in the 
mammary gland and must be considered as milk-specific ® ® ^ The proteins 
of bovine milk have been more widely studied than those of any other 
species It IS therefore not surprising that the nomenclature of milk proteins 
is still based on the characterization of bovine milk proteins 

It IS now well known that milk contains a heterogeneous mixture of 
proteins and consequently a variety of methods have been used to separate 
and characlerae the various milk protein fractions since acid precipitation 
ofcasem was introduced at the beginning of the 19th century Isolation and 
characterization of milk proteins is complicated by their considerable 
tendency to associate and form complexes which makes the definition of 
their specific physiological, nutritional and immunological characlenstics 
difficult 

As the dairy industry m the industrialized world is based mainly on 
bovine milk, m this chapter I shall concentrate the discussion on cow’s milk 
protein There might ofcoursc be interesting aspects when milks from other 



292 


leif hambraeus 


. 11 hut the principal 

.-a— 

be vaua when d.scuss.n, .he 

" w" Wh”usreTeL,ng of. he v1.L‘’Sr.le global 

and does it matter'' nutritite value with respec 

rt^e^^mCs. aduUs -d ^derW ^rsonsj^^^ 

. .H.T IS MEANT BV ™E Nf ^ 

evaluat.onoflhenutn..veva ueo foodP o,e^ , 3.„gle sou « 

,0 be the only ones ‘^X.ous that there ts qu't= “ 

nuinents for the offsprmg %ll- 

difference in the protein a"d ammo-aad comp Con 

milk" (Table 2), as well as between ^ ™ „„posilion as referenee^ 

“uently 1. seems most logical to use human rn* eo 
This IS the basis of the present FAO/WHO relere 
and will also be used in this chapter 

When discussing the nutritive valu P j^o ouf E ^ 

re“erprotr;:tis The maintenance requirement. 
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TABLE 2 

ESSENTIAL AMlNO-AClD CONTENT IN SKIM MILK POWDER, WHEY PROTEINS AND CASEIN, 
TnD AMINO-ACID PATTERN IN FAO EGG REFERENCE (1965) AND FAO PROVISIONAL 
amino-acid SCORING PATTERN (1973)“ 


Ammo-acid 

Reference 

Sktin 

milk 

powder 

11 

Casein 

11 

Whey 

protein 

14 

Human milk 

FAO egg 
reference 
pattern 
1965 

12 

FAO 

provisional 

amino-actd 

Scoring 

Pattern 

1973 

13 

11 

15 


52 

54 

76 

40 

49 

66 

40 

Leucine 

97 

95 

118 

86 

91 

88 

70 

Lysine 

71 

81 

113 

67 

65 

64 

55 

Methionine 








+ cysteine 

34 

32 

52 

29 

37 

55 

35 

Phenylalanine 








+ tyrosine 

96 

111 

70 

66 

76 

100 

60 

Threonine 

41 

41 

84 

44 

44 

51 

40 

Tryptophan 

14 

16 

24 

NA" 

NA* 

16 

10 

Vahne 

63 

75 

72 

45 

52 

73 

50 

Total essential 








amino-acids 

468 

511 

609 




513 

360 


“ The values refer to mg ammo-acid per g protein 


“ NA, not analysed 


hand, refers to the need to cover the daily turnover of about 400 g of body 
protein of which about 25 % comes from the diet 

It IS still a somewhat open question whether there is a qualitative 
difference with regard to the need for essential amino-ae.ds to meet these 
two requirements It appears that mth humans, even for growth, the need 
for essential amino-acids in general is not as high as the ntrcentane in egg 
protein - However, there seems to be a dost conneeron beween tht 
amino-acid pattern of cow s milk expressed as mg amino-acid per g protein, 
and the ammo-acid requirement of infants ^.troeen 

balance studies - The amino-acid requ^T^ 
does protein requirement, which at 18 moniK. „r fo’be 


aoes provtiu •» ai m montKc «p to OS 

only about 50% of that of the newborn eTataonS 

nutritive value, amino-acid scoring or the ust of ^ Tk mote'" 

reference, will underestimate the nutnuonv? of human milk P 

proten,sforaduhsThisalsomea„s.ha,;;ru;:tH;tftnt 
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olhcrs. c g \cgcublc prolcjn\, fiom ihc nuifilivc 
when dicii for .idult'i aic coiujdcrcd 

There »s however 4 further asptxl to Ihc nutmisc value of a profan the 
otturrcncc of.uij ipcuilic ph)ijologri.j|pfopcnj- ofa prolan which might 
have a nutritional imphtation Such cvamplcv arc the uon-binJing 
lactofcrrm** and Ihc spccihc viuimn H,, ‘binding protein which occur m 
substantial amounts m human milk U is quite obvious llul such a 
specific pfopcrl) will be diiricuil to obtain from other dietary protein 
sources, whether they arc of vegetable or animal origin 


3. now DO WK KS'FIMArK NUI HmONM- VALtfcT 

Assessment of the nutritive value of food proteins comprises several t>P<s 
of analyses (Table 3) 

3.1. Uluchcmical Lvaluatlonv 

Biochemical analysis comprises assay of the nitrogen content, usually by 
the Kjcldahl method, as well as determination of the ammo acid com* 
position after acid hydrolysis or en/ymaiic digestion in iitro of the 
proteins 

In food tables, the protein content of various food items is almost always 
based on indirect cakulaiionsdcrivcd from nit rogen analyses The nitrogen 

value derived from the analysis is multiplied by a conversion factor, usual > 
6 25, as most proteins have a nitrogen content of 16®o Howcver.it is quite 
obvious that the nitrogen contents of various amino-acids dilfcr (Table ) 
Consequently the conversion factor is substantially dependent on t e 
amino-acid composition of the protein and vanous factors have been use 
fordincrcnl proteins,’* as illustrated m Table 5 However, in the mtcrcsio^ 
standardization, the protein content is usually expressed as ‘crude protein 
which refers to the protein content derived using 6 25 as conversion 
Nutniionally, the protein content and composition of milk must 

analysed from two aspects firstly, the various protein components of t c 

protein moiety pir se must be analysed from the physiological an 
immunological viewpoints, and secondly, the proteins must be considcrc 
as a source of amino-acids for protein synthesis by the newborn 
The protcincomposition as well as the individual proteins have bccniar 
more extensively studied m bovine than in human milk ® In addition to 
various more or less milk specific proteins, such as the caseins and the whey 
proteins, milk also contains a significant amount of non-proicm nitrogen 
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TABLE 3 

METHODS FOR EVALUATION OF NUTRITIVE VALUE OF PROTEIN 


In I lira methods 
Biochemical methods 
Nitrogen analysis 
Amino^acid analysis 
Microbiological methods 
Ammo-acid analysis 

Digestion by proteolytic micro-organisms 
Streptococcus zymogcnes 
Tetrahymena pyrtfornus 
Enzymaiical methods 
Enzyme preparations 
Proteolytic micro-organisms 
In iiLO methods 

Biological tests with experimental animals 
Screening methods (ex PER) 

Nitrogen balance studies (NPU, BV, NDpCaI%) 
Indirect nitrogen analysts 
Toxicological studies 
Human tests (in adults and infants) 

Acceptability tests 
Nitrogen balance studies 


TABLE 4 

NITROGEN CONTENT IN AMINO-ACJDS ( %) 


Less than 16 0% 


More than 16 0% 


Tyrosine 

77 

Asparagine 

18 7 

Phenylalanine 

8 5 

Glycine 

187 

Methionine 

94 

Glutamine 

19 2 

Glutamic acid 

95 

Lysine 

192 

Aspartic acid 

105 

Histidine 

27 1 

Hydroxyprolme 

10 7 

Argmme 

32 2 

Isoleucme 

107 



Leucine 

107 



Cystine 

11 7 



Threonine 

11 8 



Valine 

120 



Prohne 

122 



Serme 

133 



Tryptophan 

13 7 



Alanine 

157 
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TABLE 5 

MTROGEN'PROTEJN COSVERSJOVJ 
FACTORS* * 


Wheat (whole grain) 

5 83 

Mai 2 c 

b 25 

Rice 

5 95 

Potato 

6 25 

Bean 

6 25 

Soybean 

571 

Sunflower 

5 30 

Beef 

6 25 

Egg 

6 25 

Cow’s milk 

6 38 

Human milk 

6 38' 


' Ifcorrectedfornon protejnniirogen 
conteni based on daia from 
Lonnerdal «tf / '* the conversion fac- 
tor would be 5 18 

which includes urea, creatine* creatinine* a-ammo nitrogen coinponni^> 
some free ammo-acids and other substances 
Interestingly, human milk and cow’s milk contain almost the same 
amount of non-prolem nitrogen (4(>-50mg per JOOmJ), however the tota 
amount of nitrogen is much lower in the former, being only about 200 mg 
per 100 ml versus 540 mg per 100 ml in cow’s milk The protein content o 
human milk calculated on the basis of total nitrogen determinations using 
the same conversion factor as m dairy chemistry, 6 38, has been reported as 
1 1-1 2g per 100 ml ** However, m cow’s milk only 5% of the nitrogen 
occurs as non-prolein nitrogen while as much as 25% of the nitrogen 
derived from non-protem nitrogen m human milk The value of cru 
protein’ consequently represents an ovcrcstimation by about 20 % 
investigations based on analysis of total nitrogen minus non-protein 
nitrogen, as well as calculations on the basis of amino-acid analysis oi 
proteins, have shown the true protein content in human milk to be on y 
0 8-0 9 g per 100 ml in milk obtained from well-nounshed as well as from 
malnounshed mothers ‘ 2 * ^ protein content in human nu 

was reported as early as 1931** A protein determination ba 
only on nitrogen analysis might consequently be misleading when 
nutntive value is analysed 

Human milk thus seems to have the lowest protein conteni of all ^ ^ 
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and the protein fraction comprises only about 7 % energy of the milk 
However, not only is the protein content of human milk much lower than 
that of bovine milk, the protein composition is also quite different as the 
whey proteins constitute 70-80% of the total protein in human milk 
whereas the caseins dominate in bovine milk, representing about 80 % of 
the total protein ‘ 

With respect to ammo-acid analysis, which is usually performed by ion 
exchange chromatographic methods using ammo-acid analysers, the 
results must be evaluated carefully This analysis does not differentiate 
between amino-acids bound in proteins and those which appear free 
Furthermore, some ammo-acids are destroyed during analysis, i e 
tryptophan, or may react to form unavailable components, i e lysine, due 
to Maillard reactions during food preparation 
The ammo-acid content of a food protein is often expressed in relation to 
that of a reference protein, using the term ‘chemical score’, which was first 
introduced by Block and Mitchell The amino-acid which occurs in the 
lowest concentration in relation to the amount m the reference protein is 
called ‘first limiting ammo-acid’, and the percentage represents ‘chemical 
score’ or ‘amino-acid score’ However, one serious limitation of all amino- 
acid reference patterns used to date is the fact that the sulphur ammo-acids, 
methionine and cysteme/cystine, are added together, as are the aromatic 
anuno-acids, phenylalanine and tyrosine This has some nutritional 
implications, especially when dietary proteins for use during early infancy 
are evaluated as nutritive sources Another disadvantage is the fact that the 
score value is influenced only by the content of the limiting ammo-acid and 
gives no information regarding changes m any of the other essential ammo- 
acids as long as there is no change m the first limiting amino-acid Thus any 
destruction of lysine in milk products as a result of the Maillard reaction 
will result in no change in the chemical score value of the milk product until 
lysme has become the first limiting amino-acid Nevertheless, the possible 
role of milk protein as a source of essential amino-acids and supplement for 
inferior proteins could have changed markedly Finally, the usefulness of 
amino-acid score as an index of the nutntive value of a protein is of course 
completely dependent on the selection of the correct reference protein This 
IS illustrated m Table 2, where the egg protein reference pattern recom- 
mended by FAO in 1965 and the provisional amino-acid scoring pattern 
recommended by FAO in 1973 are shown in relation to the essential ammo- 
acid content in casein and skim milk It indicates that, with the egg protein 
pattern as reference, the sulphur amino-acids are the limiting ones, giving 
chemical score values of 62 and 58 respectively, while with the FAO 
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Temperature and degree of dilution are other factors that influence 
maximum precipitation of casein It should also be stressed that there is 
often co-precipitation of whey proteins or non-casein proteins with the 
caseins In the manufacture of some cheeses this is considered especially 
desirable in order to get optimal protein recovery from the milk 

4.1. The Caseins 

As casein is the dominant protein m bovine milk it is of interest to comment 
on this first It is a very milk-specific protein which occurs in both human 
and bovine milks, ^ casein represents about 80 % of the protein in cow’s milk 
but only between 20 and 40 % of that in human milk Casein was originally 
thought to be the sole milk-specific protein, but it is now known to be only 
one of several It has some inter-species similarities which may have 
nutritional implications it has a high content of ester-bound phosphate, a 
high proline content, a low content of sulphur amino-acids, especially of 
cystine, and low solubility at pH 4-5 
The caseins have a unique molecular structure, they occur in micelles 
containing calcium and inorganic phosphate and represent some of the few 
naturally-occurring phosphoproteins Mellander,^® by means of Tiselius 
free boundary electrophoresis, separated casein m three fractions which he 
called a-, jS- and y-casem according to their mobility Modem biochemical 
methods have made it possible to fractionate the caseins further and have 
also revealed that y-casein is a degradation product of ^-casein 
The dominating Os-caseins are phosphoproteins which precipitate at low 
concentrations of calcium in the absence of jc-casem Apparently 
caseins occur only in milk from ruminants The /5-casems, which also are 
phosphoproteins, can be distinguished from other casein fractions as their 
association and solubility in the presence of calcium arc temperature- 
dependent /J-Casein seems to be the dominant form in human casein 
)^asein represents the C-terminal part of /3-casein from which the acidic 
phosphopeptide of y5-casem is missing, y-casem is consequently no longer 
referred to as a distinct casein group K-Casein is unique in several respects 
and has been shown to occur m milks from cow, goat, sheep and human 
Firstly, u remains soluble m calcium solution under conditions that 
precipitate all other casein components K-Casein can thus occur as a 
component of the whey protein fraction Secondly, it stabilizes other 
caseins in the presence of calcium and consequently ic-casein plays a key 
role in the formation of calcium-contaming casein micelles Thirdly, 
chyinosm and several other proteinases speciflcaJIy hydrolyse a special 
pcpiidc bond in K-casem which results m curd formation in the presence of 
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ThOT .s sull Umrled informaUon ^ ^ work has so far 
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teen done Interestingly, human milk ^ casein m bovine 

dominantly U^asein while “.i-^'" ^hoprotein content o 

milk^ This means that although , ^ ,'^n bovine milk, the p-casein 

human milk IS only about one-seventh oUM^ 

contentrepresentsabouthalfofthatincow to 

as the amino-acid composition of human ) „„lk 

methionine and phenylalanine fa„clion of the caseins is the 

U has been suggested that the J „le as a source of 

nutrition of the newborn I’ .nomces of calcium and inorganic 

amino-acids but also to their rote as “ ^^^bes make the con- 
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tent of calcium and inorganic phosphate m m ^^8^ formation 

expected from their physicochemical solub V ,be digestive tract 

may also be of physiological ^ b.ccstion in the newborn 

and to enable the gastric enzyrnes to start ^ pbys,co- 

but such functions are difficult to evaluate T resulting >" 

chemical differences between human b The casein micelles 

different curd formation characteristics m the s'utu^P ‘ highly heat- 
cfhuman milk are smaller than those of bovine Casein i^^^g 

resistant but is precipitated at tow pH resultin 8 ^be stomach 

precipitated by a special enzyme, chyinosin, w - bilst bovine milk 
The coagulum from human milk is soft bcance of which is 

coagulum is resistant and firmer, the physiological sign 
still unknown Human casein has a lower Phosphorus content 'ha" 
casern but is richer m ammo-sugars. siaUc acid an 

^ The physiological role of casein m the human diet is be 

known It is consequently somewhat difficult to analyse speafic 

substituted for nutritionally by other dietary proteins balance m 

phosphoprotem casein probably plays a role in the phosp caseins 

adults also From the nutritional point of view this means th 
not only function as a protein source but also as a source o 

phosphorus A milk free diet will consequently also have an inip , 

calcium intake of a population in all ages for example, in Swe . 
the calcium intake in the naUonal diet comes from dairy pro 
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It IS Still difficult to evaluate the physiological implication of the 
proportion of casein relative to other protein components, i e the non- 
casem proteins or whey proteins, or to other milk constituents, in relation 
to the nutritional requirements of man As illustrated in Table 1 , the casein 
content differs markedly in relation to that of whey proteins when milks 
from various mammals are compared, human milk being one extreme with 
a remarkably low casein content, and milk from the ruminants (cow, 
buffalo, sheep and goat) representing the other extreme ^ Caseins constitute 
about 40 % of the protein in human milk whilst the whey proteins constitute 
the remaining 60% However, recent analyses in our laboratory^ ^ show 
that the casein in human milk might even be as low as 20% This 
discrepancy might be due to the fact that a valid method for the 
quantitative estimation of casein is still lacking and casein is usually 
determined as the protein fraction that precipitates at pH 4 6 Our findings 
indicate that earlier values of 40 % are due to the co-precipitation of other 
milk protein fractions Thus, if the nitrogen contents of the various whey 
protein fractions, i e a-lactalbumin, lactoferrm, lysozyme, serum albumin 
and the immunoglobulins (IgA, IgM, IgG), which are determined by 
specific methods, are subtracted from the total nitrogen content there is 
only about 20% left to be constituted by casein in human milk 
From the nutritional point of view it is also of interest to comment on the 
uniqueness of the amino-acid composition of the caseins This is illustrated 
in Table 6 Itis seen that the very low cystine content of the caseins results m 
a methionine/cystinc ratio that is 2-3 times higher than that in other animal 
proteins and more than seven limes that in human milk Human milk in 
fact seems to be the only animal protein source that has a methionine/ 
cystine ratio below or close to 1 0 This is probably due to its high content 
of whey proteins and concomitant low casein content This is of consider- 
able physiological interest as it is known that the premature infant lacks the 
enzymatic capacity to convert methionine to cysteine which makes cysteine 
or cystine an essential ammo-acid The lack of cystine m casein is 
therefore a nutntionai disadvantage Interestingly, the cystine content of 
milk IS almost exclusively derived from /I-lacloglobuhn and a-Iactalbumm 
The use of casein rich infant formulae is therefore worth further considera- 
tion from the nutritional and metabolic point of view 

Other remarkable characteristics of the ammo-acid pattern of casein arc 
the high contents of proline and arginmc which arc about twice those of the 
whey proteins and the low contents of isolcucme, leucine, lysine and 
threonine, some of them being almost only half of the contents in the whey 
proteins (Tabic 6) 
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breast grm/i)“ 

mi/;.'* 


Isoleucine 

Leucine 

Lysine 

Methionine 

Cystine 

Phenylalanine 

Tyrosine 

Threonine 

Tryptophan 

Valine 

Arginine 

Histidine 

Alanine 

Aspartic acid 

Gluumic acid 

Glycine 

Prolinc 

Serine 


78 

178 

114 

23 

171 

334 

223 

371 

228 

297 


103 

296 

430 

171 

239 

U4 

186 

166 

196 

451 

455 

1000 

1406 

98 

126 

513 

738 

228 

385 


393 301 

551 507 

436 556 

210 169 

152 80 

358 275 

260 225 

320 287 

93 70 

428 313 

381 395 

151 213 

370 365 

601 562 

796 955 

207 304 

260 236 

478 252 


The contents of the aromatic ammo-aems ^ ,,n„ted 

are relatively low in the whey proteins As the newborn n 

capacity to metabolize these ammo-acids this seems t 
logical interest ,n the 

Casein has been used as reference protein for many y 
evaluation of the nutritive value of proteins, i e detemina 
NPU and BV It is, however, well known that casein by n ^„,n,al 

optimum protein from the nutritional point of view since se 

piolcms,ie cggprotein,wheyprotcms,aswcllasafewvege i P 

1 e soy protein, rapeseed proteins, show a higher nutritive va 
sulphur-containing araino-acids ate the limiting ones, casein is 
supplemented with methionine when used as reference ^ caseins m 
somewhat difficult to accept that the major and only role ol the 
milk IS a nutritional one Further studies arc needed to eva 
physiological implications of the caserns and the reason for the 
differences in casein composiUon and the casein/whey protein ra 
milks from vanous mammals arc compared 



NUTRITIONAL ASPECTS OF MILK PROTEINS 


303 


Wheps a^^ghlTnutritious by-product of cheese and 

which contains about 0 6% protein The whey proteins rep , ^ 

casein proteins as well as the fractions and fragments of the “sems wh 

remain soluble when the caseins have been precipitated 

rennet or isoelectrically by acid They represent an even 

geneous protein mixture than the caseins and share very 

charaeteristics except that of being soluble under conditions ‘hat prempi 

tate the caseins Milks from carnivorous mammals con am a other 

amount of milk-specific non-casem proteins, whi e im ® 

species, especially rodents, contain very little Some o e w ^ 

seem to have distinct physiological and biochemical ro es, e g , 

strongly binds iron, e-lactalbumin is a constituent of 

lysozyme is an enzyme that destroys the bacterial cell wall W-th respect to 

/i-lactoglobulin,whichis the dominant whey protein in ovine mi , 

lack information regarding any specific physiologica ro e - 

If we want to compare the specific nutritive value of Protein for 
humans with that of other proteins it is of interest to ana y p 
resemblance and differences in the protein composition o co 
that of human milk As shown m Tables 1 and 7 there are 
differences (i) there is an almost inverse relationship , 

the whey proteins, and (n) there are obvious differences in “ P , , 
of the whey proteins Unfortunately we still do not fully un 


TABLE 7 

WHEY PROTEIN COMPOSITION IN HUMAN MILK AND COW S 
MILK 

(mg protemlml) 

Protein Human milk Cow ^ milk 


a Lactalbumm 

1 6 

p Lactoglobuhn 

— 

Lactoferrm 

1 7 

Lysozyme 

04 

Serum albumin 

0 4 

Immunoglobulins 

IgA 

I 4 

IgG 

0 01 

IgM 

001 


09 
30 
0012 
0 0001 
03 

0 03 
06 
0 03 


Source Hambraeus and Lonnerdal unpublished 
observations 
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metaboUcally, of these 


phys,olog,cal .mpl.cauons, e.ther nulnUonally or 
differences 

4 2 1 B-Lactoglobulin hovine milk It is 

P-Lacloglobulm is the * ^,i^s of all ruminants and homo- 

relatively heat labile It occurs in goat, 

logues of (l-lactoglobulins have been be absent from 

water buffalo and sheep A'thoughithas been p t p,g_ 

human milk- as well as from the „ocurs in minor 

Liberatori el al - recently reported that P' ““S' „ i^otoglobulin has 

amounts in human milk The physiological ofation that it 

notyetbeenestabhshed There has, however, been omep 

plays a regulatory role in phosphorus ,bat take place on 

gland - Some of the changes in the properties of m l p.lacto- 

heating ate due to dcnatutation and aggregation of . ^ j bond 

gLbulm with other proteins such as 'h' that /J- 
between f lactoglobulin and K-casein 1 ’j"® . j jd incidence of 

lacloglobulin may be the factor responsible for the me d^^ 

milk allergy m infants fed formulae at an early age 
proiem/casein ratio is 60/40 

4 22 z-Lactalbumin inhuman 

a-Ucialbummis one of the three dominant protein comp ^ ^^hey 

milk and the second most dominant protein among th 

proteins It has a stable configuration between pH 5 4 and 9 ^^n^als 

the most heat-stable whey protein It occurs in the milks 

although It IS present at very low levels m milks containing 

lactose, 1 c milk from the northern fur seal and the seahon ■ .ctose 

IS part of the enzyme lactose synthetase^® and the biosynt 

seems to be regulated by the production of a-laclalbumm ^ 

iherc seems to be a relationship between the content of lactose a 

lacialbumm when milks obtained from various mammals are c 

There is however no direct correlation between the lactose 

lactalbumm contents of human milk according to iransversa a 

ludmal studies ** which showed that the lactose concentration s 

whilst a-laclalbumin content decreases throughout lactation AH oug 

pnmary role of a lactalbumm seems to be its enzymatic functio 
obvious that it also plays a significant nutritional role as it has a very 
nutnlivc value This might explain why the content of 
high in human milk The complete aimno-acid sequences of a*lacia 
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of bovine and human milks are known and its amino-acid composition 
seems in many respects to be optimal for the requirements of the human 
baby 

4 2 3 Iron-bimUng Proteins 

Milk contains two kinds of iron-binding proteins , transferrin, which seems 
to be almost identical to the transferrin in blood, and kictoferrin, w i 
closely related to transferrin but characteristic for milk Lacto ern 
earlier called ‘red protein’ and is synthesized m the mammary g an , u i 
also secreted in saliva, tears and semen ■*** Lactofernn, together^wi 

lactalbumm, are the principal whey proteins in human mi 

also been identified but at much lower concentrations m milks trom c , 
goat, horse, pig, mouse and guinca-pig U seems, however, to be absent 
from rabbit milk, where transferrin is one of the principal whey proteins, as 
well as from milks from rat and dog All mammals, however, seem 
able to produce these two iron-binding proteins although they o no o 
to the same extent in all milks ... * r ,r.«c 

Lactofernn, like transferrin, is a glycoprotein and binds two e 
with incorporation of two molecules of bicarbonate Howeve , 

lactofernn nor transferrin IS fully saturated with iron Trans ernni 

to act as a carrier for iron within the body, and it is ^ . 

lactofernn plays a similar role for the absorption of iron in t e g 

suckling Whether this is so also where lactofernn is a major whey proum 

component, as in human milk, has still to be elucidated It s ou , ’ 

be remembered that iron from breast milk is absorbed to a 42 xhe 

degree (50-75 %) than iron in infant formulae based on cow s mi 

low protein, low phosphorus and high lactose contents o uman mi 

been assumed to favour the bioavailabihty of iron This mig 

reason why breast-fed infants do not show signs of iron de 

the first 4-6 months although the iron content of breast-mil ’ 

0 3-0 5 /iM per ml Lactofernn is also considered to play an essen la 

the resistance against intestinal infections caused by sc teric na 

Since bacteria require iron for growth, lactofernn, whic ' rTmcitv 

unsaiurated form in human milk, only 2-4% of its 

being saturated,**^ probably binds iron so strongly t ^ . 

unavailable for the bacteria Saturation oflactofernn has on the 

been found to reverse its bacteriostatic effect in nature^^ Zfnfernn 

a minor fraction of the iron m human milk is really boun o 
under normal conditions, whilst about one-third is oun 44 ,. 
fraction and another one third to some low-molecular compone 
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of mteresl m this respect to note "*’“"^|“„bu';ne"d fr'om Ethiopian 

tlreasedlactoferrin content of ^ 

„,others who have a very high 

rru"n™n.ulae, needs further elucidation « 
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4 24 Immunoglobulins „i«K..iinc which represent a very 

Milk contains a number of ‘"""“"“f . igA, seems to be most 

heterogeneous groupjof proteins 1mm ® niaturc milk of 

specific for milk and occurs In ruminants IgA 

certain species, i e human milk an mi immunoglobulins IgG and 

IS a minor component and the less mi pec . mainly occurs as 

to some extent also IgM dominate , of igA covalently 

secretory IgA, which is composed of two ‘^oce' and the 

bound together with the two polypeptides, glycoprotein A 

•junctionchain’Thesecretory piece wasearherde^^ 

when It was first isolated from bovine milk ^“'' olvuc^zymeT It seems 
low pH and also comparatively resistant to proteo y (.^sa against 

m ply an essential role in the defence of the intestinal mucosa 
invasion by viruses and bacteria 


4.3. Miscellaneous Milk Proteins There 

So far the major protein components of milk have been protein, 

are also, however, various minor components such as “ 12 '“*" J nucro- 

which has been shown to compete with but 

organisms Uclollin was isolated from bovine milk y ’ has 

Its function is still unknown Ceruloplasmin, a copper-bmdi g p « 
been shown to occur m colostrum and mature milk as well as 
cattle Vanous glycoproteins and a number of protein consli 
fat globule membrane have also been described roiem 

enzymes have been reported in milk Lysozyme represents a mi 
which occurs m remarkably high concentrations m human milk c p 
with milks from other species ** It has a direct bactericidal effect si 
capable of degrading the bactcnal cell wall and enhancing the 
immune anubodies Not less than 44 difTercnl enzymes, which ^ave 
detected in bovine, human and some other milks, were listed m a 
survey by Jenness * The physiological and nutritional signi can 
several of these enzymes m milk is still not understood 
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5. MILK PROTEINS IN THE HUMAN DIET 

I have given a short review of the various milk proteins and their specific 
characteristics with special reference to the nutritional aspects As human 
milk IS used as reference protein for the estimation of the nutritive va ue of 
proteins it is not too surprising to find that milk protein has a high nutritwe 
value The role of milk proteins in the human diet for infants as well as for 
adults may be of even greater interest as, in practice, milk is usua y 
consumed m the national diet as one of the stap e oo s e o 
consume one protein source alone but a mixed diet based on several food 
proteins Obviously milk has been consumed by humans since early history 
and the use of domestic animals is known from Babylonia and Egypt T e 
use of dairy products, e g milk and cheese, is also mentioned in the earliest 
parts of the Bible 

5.1. Supplementary Effect of Milk Proteins 

As illustrated m Table 2, the amount of essential ammo-acids in mi k 
protein is close to what is expected to be the optimal 
requirement and composition for the human being Consequen ly the best 
application of milk proteins seems to be as a supplement 'o ^he p 
vegetable proteins, thus taking advantage of us abundance of essentia 
amino-acids which enhance the ““‘"h''® '' 

nutritionally supplements inferior proteins (Tab e ) is i , 

IS most obLus when small amounts of milk are used to supplemen 
cereals This is also of great international importance with respect to global 
food scarcity as by far the larger part of the world s population relies on 

^'Mlue^tmott realist, can^ 

the role of milk proteins is to divide them into the two groups in «hich they 
usually occur in the human diet the casein and the whey proteins, and in 
additiL to comment on the role of total milk proteins in the human diet It 
IS well known that milk products play an essenual ro e in the human diet in 
several countries Of special interest ts the fact that due to their high 
nutritional value they can supplement the diet to a significant extent even if 
they represent only about 10% of the tota protein intake Another 
important factor is that milk products are usually consumed by those who 
are in special need for a nutritionally well-balanced diet, i c the vulnerable 
groups comprising infants and pre-school children The various milk 
products, 1 c fresh milk, fcrinentcd products (yoghurt and sour milk), as 
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well as cheese, all represent very valuable supplements in 

Cheese manufacture also represente a method of preserving the 

ally high-value proteins of milk, whieh itself cannot be stored read y 

In this aspect of supplemenlalioo.itisoncemoteof interest todiscussl 

nutntive value of the vanous prolem fractions in milk Dunng recent y 
special interest has been devoted to the utilization of whey proteins m tne 
human diet Most probably, one important function of th^e whey 
proteins is their contribution to the nutritive value of milk protein Thus 
nutritive value of casein, which does not seem to be optimal from e 
human point of view, is inferior lo that of the whey proteins It has a so 
been postulated that casein is counterbalanced by whey proteins in human 
milk in order to balance the supply of essential amino-acids to the new 
The high nutritive value of the whey proteins is mainly due to their hig 
content of essential ammo-acids This is illustrated in Fig 1 , which shows 



Fio l Essential amino acid contents of a whey protein concentrate (WPQ* 
wheat, corn and rice expressed as a percentage of the FAO provisional ammo acid 
reference pattern of 1973 


the essential amino-acid content of whey protein concentrate, W PC, as well 
as of some cereal proteins (wheat, maize and nee) expressed as a percentage 

of the FAO reference pattern Itissecnthalwheyprotemconcentratehas 

a surplus of all essential amiuo-acids compared with the FAO pattern Of 
special interest arc the high contents of isoleucine, lysine, threonine and 
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tryptophan Wheat is low in lysine and threonine, while maize is low in 
lysine and tryptophan Rice, on the other hand, has a relatively well- 
balanced amino-acid composition although the contents of lysine and 
Ihreonme are fairly low 

So far the whey proteins have not been used to any great extent in the 
human diet although they have a remarkably high nutritive value, when 
they are used it is mainly for their functional properties in beverages ice 
cream and so on Most of the whey proteins are still used in atiimal feed as 
the production of whey still represents a serious pollution problem for most 
dairy industries The US so far seems to be the country where whey proteins 
are used to the largest extent in the human diet 68 % of dry whey 
production is said to be used in the human diet compared with 17% in the 
rest of the world One special issue is their use in infant formulae This has 
been developed as it is known that human milk contains a su stantia 
amount of whey protein Although infant formulae might show the same 
ratio of whey proteins tolcasein as in human milk there arc still signrcan 
qualitative differences since the whey protein composition differs markedly 
in bovine and human milk This is illustrated in Fig 2, which s ows e 
protein composition of bovine milk, human milk and the so^a e 
humanized infant formula or adapted formula The nutritional significance 
of these differences is still not known It should, however, be remem ere 

that the low lactoferrm and lysozyme contents of the formula mig t ave 

an implication for the iron status of the infant as well as for resistance 
against intestinal infections The high content of ^-lactoglobulin o ^ 
milk might have a significant implication for the observed cows mi 
allergy in infancy since /1-lactoglobulin is a foreign substance for the uman 
as It IS absent m human milk Consequently there is still a need to study 
further the optimal use of milk protein in the human diet 

One of the characteristics of the amino-acid pattern of whey proteins, as 
well as of breast milk, is the relatively low content of the aromatic ammo- 
acids, phenylalanine and tyrosine This makes them suitable as a protein 
source in the dietetic treatment of patients with a disturbed meta o ic 
capacity for these amino-acids, i e phenylketonuna, tyrosmaemia and 
hyperphenylalanmaemia This has also been confirmed in studies on the 
effect of a formula in which whey protein concentrate constituted the sole 
protein source for an infant with hyperphenylalanmaemia It was t en 
possible to obtain a more positive nitrogen balance and a more pronounce 
nitrogen retention than with a conventional humanized infant formula, 
which furthermore illustrates the high nutritional value of the whey 
proteins The use of whey protein formulae in clinical dietetics was also 
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Fig 2 
milk 
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Q lactoferrm 
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Protein composition ofcows milk, humdnizcd milk fo n,troeen arc 

Nitrogen derived from the vanous proteins and non 

gisen as gN per litre (from Hambracus el al ) 


proposed for adults’* and might indicate a new trend for better 
non of the high biological value of the whey proteins nrotem 

In the future it might be possible to use single and specihc P j 
fractions to an increased extent for nutritional and pharmaco y 
purposes This might be one of the most economic ways to utilize t e 
proteins, w hich today still represent a problem for the dairy industry, 
at the same time take advantage of their specific characteristics 
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Milk certainly represents one of the most complete single foods and the 
different composition of milks from various species might be an indication 
by Nature of the specific nutrient requirements of that species The use 
various milks in the human diet without doubt takes a vantage o 
content of essential nutrients and milk products function as ig 
supplements to many diets in different regions of the wor 
however, still many problems to be solved regarding t e p ysio 
implication of the various characteristics of the protein cons i 
milks and its relation to the nutritional requirements of the offspring M 
studies are required and it is possible that various specific mi pro 
components could be used in the future for specific nutritiona 
pharmacological purposes 
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Chapter 10 


MANUFACTURE OF CASEIN, CASEINATES AND 
CO-PRECIPITATES 

L L Muller 

CS/RO Division of Food Research^ Dairy Research Laboratory^ 
Higlieti^ Victoria, Australia 

K INTRODUCTION 

Casein, which is the mam protein of milk, may be obtained by acidifying 
skim milk to a pH of about 4 6 Indeed, casein is defined as the protein 
precipitated at this pH at 20 ®C * The relative simplicity of its isolation and 
Its useful properties as an adhesive or a food ingredient have led to the 
manufacture ofcasein during most ofthe20ih century ^ ^ From small-scale 
production of casein in the early 1900s for use in glues, ^ the industrial 
applications expanded, particularly for papercoaling World production of 
casein doubled between the mid-I930s and the mid-1960s, when it reached 
about 150 000 tonnes,^ a level from which there has been little change in 
recent years ^ The major change has been in the end-uses of casein From 
the early 1960s there has been rapid development of food applications for 
casein and a decline in the indusinal uses Today, between 70 and 80% of 
world production is for food ingredients ^ The introduction of more 
efficient methods of manufacture in plants designed to make an edible- 
quality product elevated the status of casein for both industrial and food 
applications ^ The increasing sophistication of end-user requirements for 
industnal casein, even higher for edible grades, raised the pressure on 
manufacturers to produce improved milk protein products with specific 
functional properties and closely controlled quality * These changes led not 
only to improvements in the quality of casein, but also to the development 
of a range of casemates and of co-precipitates of casein and whey proteins 
These developments have been described and the manufacturing 
methods outlined in several reviews and texts ^ ^ 
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2 . ACID CASEIN 

The esseniul steps tu the mmlum 

sepatat.onofwholera.lUo produce skim m Ik «.tn^^ 46 , 

content, precipiulion of the curd y rc (■„ (s^ncrcsis) and so 

ofLpetatute to a.d ™ pa-U^ •"= 

produce a curd of optimum J j„j then drying and 

washing, pressing or centrifuging for dc-walering. 
grinding ^ „ ,,,, nf lactic acid bacteria 

The reduction of pH is achicscd by Ijdic 

(starters) or by the addition of ° ” h.cscd by the use of 

casein is normally used where pH , j ,t,c„amcofthcacidin 

starters Casein precipitated by acid casein or lactic 

1 , sdescnption, eg hydrochloric acid casein, sulphuric aciu 

acid casein, but may simply be called acid casein 
2.1. Precipitation and Curd Formation 

211 Laciic Casein u rrirrvinc out 

The earlier method for making lactic casein “'J ^ skim milk at 

processing stages in a cheese vat 'The cats starter. 

25-27°C, and this was then inoculated with 0 5 cremoris 

usually consisting of strains of Sircprococcm „„cdbythe 

After abouliehacoagulumformcd.and the tcmpcral ^ 

injection of steam- cooking’ Cheese kn.scs were som was 

the curd before cooking so as to promote syneres.s aa ‘he ''mpe ^ 
increased Syneres.s was further assisted by S'"''' ‘'k , -crature 

during the period of about one hour required to ''ach the fmal 
of up to 60 X The curd wds then allowed to settle and the whey 

before washing commenced orocess, an 

In an effort to reduce the lime and labour required m t P 
early approach’ mvolsed usingastcam injector to curd 

the vat while increasing the temperature to about 58 L a In 

particles in a suitable condition for the later stages of , ^.j^oul 

Zealand it was found that the coagulum could be P“"^P®“ aod 
detrimental effecU on the nature of the curd during 

washing ‘“The cookingtempcraturewasaltained by allow 

the coagulum was being pumped, a holding pipe or vat being use 
the curd to agglomerate and so initiate syneresis 

Pumpingthecoagulumand usmgsteam injection permitted larg 

be used for coagulation As developed in New Zealand, tne y 
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coagulation stage, folio ' ,, , , 5 ,i,c entire ptoc“s 

drying Figure 1 (from ref 1 1) illustrates Zealand, where the 

Thfs system is still used the rate of 20 000- 

continuous stages of the process 0 5_1 5 tonne cascin/h ‘ Thn 

SOOOOhtres of skim milk/h, ^ ble-quahty lactic casein 

process now used for “d ,n1e„tunB it with 0 1-0 5% 

involves pasteurizing the skim milk me 14-16h 

Starter at a temperature of 22 -6 c, .Her is not jmportant as 

The precise rate of acid production y nroccssing begins. 

coagulation usually takesplacereteralhomsW ^ , 

at the pH of the coagulum-about 4 5 the cut ,bc 

phase of growth However, there can be occasion 
coagulum is lower than desirable for the j , ,|,c pH has been 

cooking in such cases, the addition of skim m.ft “ of acid 

proposed "However, a more common problem IS s ptOT 

Le^to Ihe action of bacteriophages on the H jn^^ssfully 

starters, composed largely of S “clause of the build-up of 

New Zealand for many years probably because m ^ 

bacteriophage tesislant sttaras Endeavours were m to „ 

more controlled starter system by usmg f““;.,f„,^phages 

isolates for which no ’phages had been cncounrctcd 
soon appeared after using this starter m a casein fac y . ^jiey 

addition to the four component strains of bactcnologica ^ for 

from the previous day s manufaclutc, the starlet was used ^age- 

an entire season ' ’ This technique encourages Ihc growth of baclc P 
resistant strains In a further development, a multiple ° . jjkly 

ofS crcmDnswasfoundsalisfactorywhcntheculturcwasrep ,„u- 

from deep frozen stocks or when filtered whey from the ptevi “ ^ 

tacture was added regularly to the molher culture These a^urnor 

their work on S cremons since although S lactis strains had d 

less susceptible to inhibitory substances m milk S ^mred 

satisfactory if, during processing of the casein whey, u 4 

clarification 


2 ] 2 Acid Casein H to be 

! The long period required dunng lactic fermentation for the P" ^ 
reduced to about 4 6 provides ample time to attain equilibrium con 
m producing casein aggregates virtually free of bound calcium 
cooking temperatures of 50-55®C are generally needed to create a cur 
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enough for subsequent processing The earlier systems for precipitating 
casein with acid involved adding acid to batches of skim milk at about 
42 "C,* ^ or mixing skim milk and acid continuously at 43-45 °C in a baffled 
chamber followed by discharge into a chute with baffles designed to favour 
agglomeration of the curd ^ The pH of the mixture was usually about 4 3, 
thus providing a surplus of acid to help remove calcium in the holding 
(acidulation) stage that followed This system was found to produce a high 
proportion of very small casein particles (fines) which tended to be lost in 
the whey, thus reducing the yield of casein by up to 9 % When a higher pH 
or a higher cooking temperature was used in an attempt to reduce fines 
losses, the curd formed into ‘rubbery’ large aggregates that presented 
difficulties in further processing and gave a casein of high ash content 

It was found* ® that at 43-45 ®C the coaguium began to form in less than 
0 i s, too short a time to achieve completion of the reaction between casein 
micelles and the acid Lowering the temperature at mixing to 30-35 ®C and 
pumping dilute acid through a spray into a turbulent zone in the milk line 
gave efficient mixing before coagulation began Steam injection was then 
used to reach a cooking temperature of 44-46 This technique 
reduced losses of fines in whey to 1-2% of the casein and was 
widely adopted ^ This system (Fig 2) was designed originally for milk 
flow rates of up to lOOOOhtres/h In recent years, larger flow rates have 
become common Efficiency tended to be reduced unless the system design 
was altered appropriately This factor, and variations in the control of pH 
and temperature, have been observed (ref 4, and by the author) to lead to 
an increase in fines losses 

A further development of the principle of mixing at reduced temperature 
overcame these difficulties The plant (Fig 3) provided for stabilization 
of pH by the use of accurate measuring pumps to ensure a constant flow of 
milk and acid, mixing acid with skim milk at a controlled temperature 
below 25 °C to ensure attainment of equilibrium conditions before 
coagulation begins, automatic regulation of steam injection to achieve the 
coagulation temperature, and the use of a holding lube to obtain complete 
coagulation and a well-structured curd This approach ensured that losses 
m whey were less than I % of the casein ^ 

Hydrochloric acid is most commonly used as a precipitant as it is usually 
available at a reasonable price and is known to produce a high quality 
casein ^ Sulphuric acid is also used and it too will result in a high-quality 
casein if suitable precipitation conditions are used Ion-exchange, to 
replace cations m dcproteinatcd whey with hydrogen ions, has been applied 
in reducing the pH to about 1 8 prior to using the treated whey as the 
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precpaant for aod casc.n - 

ullrafiUralionbeusedlo.ncrcJselh p I cation-cxchangc and then 

for further processing 

2 2 Separation of Curd and Washing 

itlJ,ro:n:;:;prodncno„oracasc.nof^^^^^^^^ 

separauon of curd from whey and "'“'““B*’ efficency of a 
of lactose in the final product It has been sho „„ ,hc system 

particular casein washing plant can be increased y P ® A 

for separating whey from the curd or by adding “ uufd from 

number of systems have been used for continuous separ j^-jraies 

whey A system developed in New Zealand (illustrated l B , used 
the whey on a moving, inclined nylon screen, the ^fjf^dey 
device The curd is sprayed with water to decrease the a 
earned into the first washing stage The screen '^“'''“P' from Ihs 
was of 90-mesh stainless steel gauze inclined at an “"Ble “f ' 

verticaUFig 2) Comparison of the emciency of thisjrccn w^ 

types of vibrating screen led to a suggestion that the latter 1'^ 
considered for curd-whey separation A more efficient '"=1'"“ , p„ 

developed in Europe ■* This was based on a polyester fabric (80 P ' i, 
a cascade like profile which subjects the curd to turning and ro b 
travels down the slope and so increases the efficiency of separa i 
Studies in New Zealand” showed that the efficiency of an incline 

forseparation of curd fromwheywasafunction of the angle, the e 

the screen and the aperture size The screen developed for pr^essing ^ 
of about 23 000 htres/h was of 180 /im stainless steel mesh, ^ ^ 

and with the facility to adjust the angle in the range 20-45 U a 
shown that continuous roller, presses can be used for removing w 

curd Provided thetemperalureaodpressingconditionsarecontro 

as to avoid excessive matting of the curd, the curd moisture content ca 
reduced to about 65 %, compared with about 85 % from inclined sere 
Some 20 % more whey is recovered and less wash water is needed 
considerations have led to the use of horizontal centrifuges or 

wheymg’ , ition 

The choice of de wheymg system depends not only on the consider 
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of capital and operating costs but also on the approach of the particular 
dairy factory to whey utilization and effluent disposal 

2 2 2 Washing and Pressing 

The removal of lactose, salts and free acid from casein by thorough washing 
is an essential feature of the manufacture of a high-quality product These 
impurities diffuse from the curd during washing and the diffusion rate 
depends on the size and permeability of the curd particles, and on the 
purity, amount, temperature and rate of movement of the wash water In 
continuous washing systems (Figs 1-3), a counter-current flow of water 
reduces the quantity of water needed to about 50 % of the skim milk flow 
rate and reduces the loss of fines through (he restriction of one outlet At 
least three washing stages, with water flow rates adjusted to provide an 
average holding time of about 30 min in each stage, are necessary to reduce 
lactose to the desired level of about 0 I % in the dried casein ^ 

Where the water used for washing has more than a given level of 
alkalinity^® U is often necessary to add acid to maintain a pH of about 4 6 
so as to avoid softening and re-dispersion of the curd Sulphuric acid is 
preferred for the purpose as casein is much less soluble in this acid than in 
hydrochloric acid The latter may cause formation of a gelatinous layer 
over the curd particles if the pH is too low Wash waters should be clear, as 
colour or turbidity will be absorbed by the curd and discolour the product ^ 
The temperatures used in washing are chosen so as to maintain the curd 
in a suitable condition for agitation, pumping as necessary and separation 
at each stage from the wash water The aspect of bacterial destruction is 
also given careful attention When the skim milk is pasteurized it is not 
necessaty to exceed gieaXly the cookmg tempeiatUTc duimg -washing of 
acid-precipitated casein With lactic casein, higher temperatures are 
necessary during washing to reduce to low numbers the bacteria which 
multiply during incubation of the milk with starter However, even with 
acid-precipitaled casein it is normal, as a safeguard against bactenal 
contamination, to apply temperatures of 70®C or more at the penultimate 
washing stage The final washing stage is normally at 40-45 to minimize 
mailing of the curd during its separation from wash water by a continuous 
press or horizontal centrifuge An efficient press or centrifuge and the 
maintenance of optimum curd characteristics and temperatures during 
washing arc necessary to reduce the moisture content of the curd to 
55-60% and so minimize the amount of water to be evaporated dunng 
drying 

The water from the press or centrifuge and any particles of casein which 



escape are recycled to the 

Iheyteldinanefficeittplant^HydcMtoneshA eons.dcred 

of Ihese fines- and an antomattc " “P be 

economrcal under Enropcan condmons The r.n« 

dissolved in sodium hydroxide and manufacture. 

During the acidulation and early was 8 J particles to 

(here are sometimes problems because of a tcnde y 
float It has been shown 'hrough studies on he dcn.'^ 
particles- that this can happen only if the gas formation 

therefore necessary in lactic casein manufactu ,mn of air mto 

by bacteria and, for all types of casein, to avoid the incorporai 
skim milk, steam and acid, if used 

2.3. DDingi Tempering and Grinding ,i.. .looed for drying 

There have been a number of types of equipment de P , jyiypeof 

eaL > Probably the most widelyusedmrecentyearsisavibraory^ 

dnerdeveloped in New Zealand ”Thecurd passes through a ™nt^ 

It to even-sized partieles which then travel by means of *’ *' J i^^rer 
over trays of perforated stainless steel, transferring “f f^branon 
trays, this is elfected by means of a /''•''f ** b^ ‘he -br ^ 

The heated air flows through the beds of curd from the ^ 

thus encountering layers of curd of increasing water con _f «hccurd 
improved elficiency of heat utilization The positive moveme 
through the system gives very even drying and the system h n ^ 

to cope with varying types of curd at differing treatment ra cs 
Other equipment recently described includes a granulator 
compartment fluidized bed drier in use in USSR and a sys 
mixing, comminuting and moving of casein 3 t, 

Of particular interest is a new drying system— attrition dryi » . 

drier features a fast-revolvmg (1 800-2100 rpm) lo 

a stator with a serrated surface The action involves grinding c 
very small particles thus exposing a large surface area to the hot air ^ 

conveys the curd through the drier Drying is very fast (1-2^ an ^ 

product similar to ground, spray-dned casein The dryer has been i 
in eight European dairy factories during the two-year period 
1981 A schematic of the dryer and associated equipment is s o 

Attrition drying appears to offer more than an efficient drying proce 
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.Uss„«.ar>o..PE.of245(,^NRC« 

,er slud.=s - There - X„,y for use .n mah.nS cheese 


4, co-i'utciPirArES 

rl„ menufeelure of case, u, only f ;;h4 5 ’ Th^d^uc '» 

n be recovered, as the whey proteins are , „ ,|,c nulrih'C value 

„proveprote.nreeovery,and,heconcepuof.n«ea^^ 

nd the range of functional properties i P „hcy 

3 the commercial >1';'''“^™'"' ,„^lK USA and USSR, hu'C 

, rote, ns = The early ,he USA*> 

seen extensively rcvicvicJ i.^fnrmthcco-prcopUJlc TlieUS 

USSR process to produce a curd „ ,,nd skim milk m th= 

technique that had been developed f“' " 3 cjlcum chloride 

manufaeture of aetd “^='"'j!f„^^A^^d,„„rSbe follovved the spray to 

solution into milk heatedtoyO-PS C Ahold.^^^^^^^^^ 

provide suitable condtttons for •‘eSrcBatlon and^yn product 

Lparalion from the whey and "'Ci' w“h'n6 ^ 

could be dispersed, prior to spray-drying, y , -py required 

tnpolyphosphate, depending on the ^ ro have a major 

The level of calcium in the co-prccipitatc was edified to 

effict or,ts functional properties and the The 

produce well-washed co-prceipitatcs of '*'‘'"''^,“'™fi„„o-precipiW‘c* 

Ss high-, medium- and low-eale.um ~d to d^eto 

With calcium conienls in Ihc ranges 2 5 3 « A* varving the amount 
Tcsncetwely Control of calcium level was “'"'c^d ^y varyiW 
of Llcium'^chloride added, changing the length of time „,.c,p, tales, 

"d”about90Xand,forlow-andm^ium^ 

Lying the pH of precipitation by acid The conditi 

summarized m Table I .^re.f, •? was modified for 

- -precipitate manufacture 
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table 1 

CONDITIONS LStD IS MANLFACTUIU: Of 


Co precipitate 


Time milk 
held at 
90*C (huh) 


CaCli 

added 

(%»"/ 

milk) 


CO-PWCn ITATtS*^ 

Acid p" of 

added prccipuatton 


High-calcium 
Medium-calcium 
Low -calcium 


1-2 

10-12 

1^20 


02 
006 
0 03 


No 

Yes 

Yes 


5 8-5 9 
5 3-5 6 
46-i8 


There hrrve been a number of recent studies on the J," 

rnanufaetunng ea.preeip.ta.es and on mcdrfication^^^^^ 

of these studies involved increasing the amount ^ P ss other 

precipitate by the addition of whey to skim milk or 

IluiL related yield and composition of the of added 

as oH and calcium conient of the heated _ ,gf 59 

whey=« and pH adjustment of the skim milk ” The major study .n=l» 

showed that the addition of acid to the skim milk " ^ f oalciuro 

the amount of sotublecatc.um,asanal.ernauveo.h^^^^ 

chloride for increasing the strength of the curd Useful dal 
temperature and time for heating the skim milk, , „„al, 

recovery of whey proteins and and have 

these various studies have confirmed the earlier °bs«val.o 
also indicated ways in which the process can be optimized 
approaches to the overall system of manufacture -.-..oitates m 

A considerable number of data on the properues of co P P 
relation to their solubility in various solvents and to ‘heir app j „ 

foods are given in refs 3, 7, 53, 56. 57, 59 and 60 Estimations of p ote___ 
clliciency ratios confirmed the eapected improvement over ca 
nutntive value 


5. CASEINATES. MILK PROTEINATES 

Many of the food applications for milk proteins require “ 

water-soluble form However, there are notable exceptions F P 

in the Australian milk biscu.t,« the requirement was P„^om 

preparation which could be added at a high level to a biscuit ^ 

co^etuigundulywiththeflourforthesmallamountofa^lab I 

highaialcium co precipitate, carefully controlled in respect of p 
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calcium level and dispersed for spray-drying in about 2% of sodium 
tripolyphosphate, provided the necessary properties Calcium caseinate 
also fulfils particular functional requirements which include low solubility 
The most common technique for preparing a calcium caseinate dis- 
persion for spray-drying involves the reaction of a good-qua 

with calcium hydroxide to achieve a calcium content of 1 0-1 S/atapHol 

about 6 5^ Care is necessary in the application of heat during the 
dispersion process, as there is increasing aggregation of the protein and 
possible gel formation as the temperature increases The P^referred raw 
material is freshly precipitated and washed curd, which should be soft and 
well hydrated— about 65% moisture *'* Lower-moisture curd, resulting 
from high cooking or washing temperatures, leads to an increase in the 
amount of sedimentable material in the dispersion With care in o 
temperature control and processing of the acid casein, concentrations o 
25-30% can be prepared for spray-drying However, m practice, lower 
concentrations may be necessary to avoid gelation if the concentra e is 


pasteurized before spray-drying , . _ 

Other recent reports on the production of the less usual casemates 
include two on curated caseinates, considered to be particularly desirable 
for use in dietetic and infant nutrition Lactic casein of 60-65 ^ mois ure 
content was comminuted in a colloid mill with sodium and potassium 
citrates** or these citrates plus sodium carbonate** to obtain a mixture o 


about 20% total solids for spray-drying 

Soluble casemates of importance have sodium, ammonium, po assium 
or magnesium as the cation Sodium caseinate is by far the most commonly 
used in foods To obtain a bland-flavoured caseinate, it is normal to use a 
fresh acid casein curd, dissolved in the appropriate alkali and spray- 
dried * *1 The mam difficulties in the manufacture of spray-dried sodium 
caseinate are related to the logarithmic increase in the viscosity of caseinate 
solutions as their concentration increases and to the tendency or e 
reaction of the alkali to be impeded by the relatively impervious S® ^ 
forms on the surface of casein particles in the presence o a ai 
dissolving technique which was found satisfactory in practice mvo ves 
adding fresh wet curd and alkali progressively to water in a vat equippe 
with a powerful agitator and with a large-capacity centnfuga pump o 
apply shearing forces to curd particles during recirculation ^owar s e 
end of the process it becomes very difficult to dissolve freshly added curd, so 
the mixture is then passed through a colloid mill A later detaile stu y o 

factors affecting the rate ofconversionofcurd to sodium caseinate e 

the proposal that the fresh curd and water be passed first throug a co oi 
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mill to give a fine slurry of about 25 % solids content, and then mixed with 
sodium hydroxide solution before passing into an agitated vat with 
recirculation facilities Careful control of pH is essential The minimum 
viscosityforsodiumcaseinateismlhepHrangefi 6-7 0 In practice, it 
IS better to maintain a pH below this value during dissolving and make any 
adjustment when the curd is finally m solution It is also important to 
avoid exposing casein to high pH and temperature during dissolving, as this 
can lead to loss of lysine and senne and the production of degradation 
products such as lysmoalamne 

The viscosity of the soluble casemates limits the concentration at which 
they can be spray-dried, normally to only about 20% solids at 90-95°C 
There is an optimum viscosity for spray-drying, depending on the 
atomization system used As the intrinsic viscosity of casein may vary 
throughout the year, it is better to standardize the viscosity and tempera- 
ture of the solution to be spray dned rather than to standardize on solids 
content 

The low level of solids at which sodium casemate is dried means that the 
output from the drier is only about 25 % of that when skim milk is dried 
This, and the low bulk density of the powder, add substantially to the costs 
of drying, packaging and transport A number of approaches have been 
taken m an effort to reduce these costs 

(i) Spray-dried casemate has been ground m a pmmill to increase its 
bulk density 

(ii) Roller-drying has been used on both sodium caseinate solutions of 
higher solids levels*’ and on mixtures of fresh casein curd and 
alkali 

(ill) Granular casemates have been produced by reducing the moisture 
content of casein curd to such a level (below 40 %) that a free- 
flowing mass can be maintained by agitation after alkali (carbonate 
or bicarbonate powder) has been added After tune for conversion, 
the mixture could be dned and ground in conventional casein 
equipment 

(iv) Ammonium caseinate in granular form has been made simply by 
passing ammonia gas through low moisture casein and removing 
excess ammonia with a stream of air ” 

(v) Finally there is a report^* of the first commercial use of the 
attrition drier for making caseinates The drier was fed with the 
free flowing curd/alkah mixture described earlier’* to produce a 
highly soluble casemate with a bulk density much higher than that 
of spray dried casemate 
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The account above illustrates the numerous possibilities for making 
soluble caseinates with specific functional properties and for improving the 
economics of their production The range has already been increased by the 
addition of milk protemates from co-precipitates and rennet casein 
dispersed or rendered soluble by treatment with alkali or sodium tnpoly- 
phosphate 

It has also been shown that casein and co-precipitates can be dispersed in 
concentrations suitable for spray-drying by the use of various acids The 
products had unusual functional properties In the near future, the range 
IS likely to be further increased by the advent of milk protein concentrates 
made by the ulirafiltration of skim milk, then drying In such concentrates 
the casein is still present in the original micellar form with all the interesting 
properties of the casein micelles in skim milk 

6. FLAVOUR 

In the industrial applications of casein, the mam emphasis is on adhesive 
strength, colour and viscosity for acid caseins, and on the colour and 
transparency of the plastics made from rennet caseins For use in foods, the 
emphasis tends to be on the functional properties of the type of milk protein 
in the particular food system but, for many applications, nutritional value 
and flavour are important There are substantial data on nutritional value, 
casein being the standard with which the PERs of proteins are compared Co- 
precipitates and whole-milk proteins have higher PERs because of the 
inclusion of the whey proteins In respect of flavour, however, there are 
some problems The high calaam-phosphale products^ such as rennet 
casein, are noted for bland flavours and good storage stability However, 
the acid caseins and, generally, the caseinates, lend to develop, on storage, 
off-flavours variously described as ‘gluey’, ‘stale’, ‘burnt feathers’ or 
‘musty’ ^ In studies on acid casein, a large range of volatile components 
were found in the steam distillate TTie findings suggested that the 
‘gluey’ flavour resulted from a mixture of compounds with a 
synergistic effect from o-aminoacelophenone Non-enzymic browning 
reactions appeared to be involved Modification of the acid casein 
manufacturing process so as to avoid possible browning reactions certainly 
gave d product of improved flavour stability ^ Later studies''® indicated 
that the generally better flavour stability of casein made by acid injection 
compared with that of lactic casein is probably due to better control of the 
pH of precipitation and/or limiting the formation of flavour precursors due 
to proteolysis in lactic casein manufacture These authors''® also con- 
sidered o-aminoacclophenone to have a major role in the ofT-flavour 
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7. INDUSTRIALUSES 

The developments previously described have been, in general, associated 
with the increase in food uses of milk proteins These uses arc the subject of 
a separate chapter of this book However, the industrial uses of casein arc 
still of importance Estimates of industrial uses in 1978^ totalled about 
45000tonncs of which, perhaps, 2000tonncs were for the manufacture of 
casein fibres and the balance was almost equally divided between uses for 
papercoating and for the manufacture of plastics and adhesives 
The literature m this field has recently been reviewed * That review gives 
a good covering of uses in pjpcrcoaimg, sizing, fibre production, paints, 
leather finishing, animal foods and plastics, as well as some references to 
miscellaneous uses and a general covenngof uses in glues The literature on 
casein glues dates back to over 40 years and access to it is often difficult It 
was considered useful, therefore, to record here some details 
Casern glues were first manufactured m Europe early in the I 9 lh century 
However, the quantity used was small until the first World War when a 
water-resistant glue was needed for the construction of military aircraft- 
then made chiefly of wood ^ ” The use of casein glues spread to other 
wood working industries 

Two forms were marketed prepared, or ready-mixed, and wcl-mix glues 
The formulae of ready mixed ^ues vary considerably, a number being 
patented In general, they consist of casein, iimc and such matenals as 
sodium fluoride, borax and sodium phosphate Typical wet mixed glue 
formulae®® were 

0) 220-250 parts of water mixed with 100 parts of lactic casein, add 

20-30 parts of calcium hydroxide in 300 parts of water, add 
70 parts of sodium silicate (s g I 38) Another similar version 
contained 2 to 3 parts of copper chloride or sulphate to increase 
water resistance and resistance to moulds and bacteria The 
70 parts of sodium silicate may be replaced by the sodium salt of 
any acid which forms an insoluble calcium salt, e g sodium 
carbonate (14 6 parts), tnsodmm phosphate (15 0 parts, anhyd- 
rous) and sodium fluoride (1 1 6 parts) 

(n) 200 parts of water, 100 parts of lactic casein, 10 parts of sodium 

hydroxide in 50 parts of water 

These formulae refer to lactic casein The use of hydrochloric acid casein 
was studied using the same formulae®* The results showed some 
differences but it was concluded that either form of acid casein could be 
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used with confidence It was also found possible to use rennet casein for 
glues either by treating the casein with acid®°’®^ before making a glue 
containing an ‘alkaline’ sodium silicate or by using a ‘neutral’ sodium 
silicate without acid treatment of the casein 


8. CONCLUSIONS 

It should be evident from this account that substantial progress has been 
made over the last 25 years or so in developing processes for the 
manufacture of casein, caseinates and co-precipitates The dairy industry 
now has available the technology needed to make a wide range of high- 
quality products with the functional properties needed for vanous food and 
industrial applications Highly nutritious products of good flavour can 
now be manufactured The future will probably see extension of the range 
through the advent of such processes as ultrafiltration which permit the 
concentration of both casein micelles and whey proteins in their natural 
soluble form 
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Chapter 1 1 


INDUSTRIAL ISOLATION OF MILK PROTEINS: 
WHEY PROTEINS 

K R Marshall 

New Zealand Dairy Research Institute, 

Palmerston North, New Zealand 


1. INTRODUCTION 

In the manufacture of cheese or casein from milk, curds are formed by the 
action of rennet*type enzymes and/or acid Whey is the liquid remaining 
after the recovery of these curds The whey contains more than half the 
solids present in the original whole milk, including 20 % of the protein and 
most of the lactose, minerals and water-soluble vitamins Large quantities 
of whey are produced worldwide In general the manufacture of I tonne of 
cheese or casein results in the production of 8 or 25 tonnes of liquid whey, 
respectively Thus total world production of whey in 1980 was approxi- 
mately 75 million tonnes from cheese and 4 8 million tonnes from casein 
Disposal of whey is a continuing problem When cheese was produced m 
small plants in the rural areas, the whey was fed to pigs, spread on fields or 
dumped into rivers However, whey has a biochemical oxygen demand of 
35 000-45 000 g/litre, and 100 litres of whey has a polluting strength 
equivalent to the sewage produced by 45 people Over the last 20 years the 
increasing pressure of anti-pollution regulations and the cost of disposal to 
municipal sewage plants, along with the consolidation of dairy processing 
into large units, have made it impractical to continue to dispose of large 
quantities of whey by the traditional methods 
Also, over the last 20 years, there has been a recognition that the proteins 
and lactose in whey arc valuable nulnents which should not be wasted 
This, coupled with the growth of food technology and the use of functional 
proteins in processed foods, together with the emergence of commercial 
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methods for the economic recovery of such proteins from whey, has 
resulted m a marked difference in attitude towards whey, which is no longer 
being seen as a waste product but rather as a source of valuable constituents 
which can be used by the food industry 


2. WHEY 

Whey IS a dilute fluid, that from bovine milk containing about 65g/htre 
solids, of which the major constituents are lactose (70-80 %) and protein 
(9%) In general, thereare two majortypesofwhey ^ ^ sweet whey from the 
manufacture of cheese or casein from milk by the action of rennet-type 
enzymes with relatively little or no acidity development, and acid whey 
where the milk is coagulated pnmaniy with acid Sweet whey has a 
minimum pH of 5 6 and acid whey a maximum pH of 5 1 ‘ Acid whey has a 


TABLE 1 

WEIGHTED SEASONAL AVERAGES OF COMPOSmOM AND pH OF WHEYS FROVi REVSET. 
LACTIC AND MINERAL AGO CASEINS AND CHEDDAR CHEESE MANUFACTURE* 


Composition (gjl) 


Rennet 

casern 

Lactic 

casern 

Mineral 

aetd 

casern 

Cheddar 

cheese 

Total solids 

66 

64 

63 

67 

Protein ((TN - NPN)* x 6 38) 

62 

58 

58 

62 

NPN 

0 37 

0 40 

0 30 

0 27 

Lactovc 

52 3 

44 3 

46 9 

52 4 

Minerals (as ash) 

SO 

75 

79 

52 

Milk fat 

02 

03 

03 

02 

Phosphate 

t 0 

20 

20 

05 

Calcium 

05 

1 6 


04 

Sulphate 

07 

05 


06 

Magnesium 

007 

0 to 

Oil 

0 08 

Sodium 

0 53 

0 51 

0 50 

0 50 

Potassium 

14S 

I 40 


1 50 

Chloride 

i 02 

09 


1 0 

Lactate 


64 


20 

pH 

64 

46 

47 

59 


' Daia ftom anal>scs at New Zealand Dairy Research InsUluic 
* TN » lout nitrogen . NPN = non proian niuogen 
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relatively higher mineral (measured as ash, also “""“‘the 

non If the acidity has been formed by the action of starter bacteria the 
lactose concentration is reduced with a corresponding “t 

theconcentrauon of organic acids (generally lactic, but 
etc ) The composition of whey varies with the 

cheese or casein type, the processing methods, etc Some yp 
compositions of New Zealand wheys are given m Table 1 


3. WHEY PROTEINS 

The major protein constituents of whey are /J-!actoglobuhn, a-lactalbumin 
bovine serum albumin, the immunoglobulins an ^lactollin 

There are several minor whey proteins including a io’-i4nnthe 

glycoprotein and blood transferrin Information from reviews 
protein content of wheys and the properties of the individual components 

summarized in Table 2 , . 

Whey from bovine milk contains 4-7 g protem/litre, ‘b® ° 

depending on the type of whey, the stage of lactation and the Pro'^^mg 

conditions used in the manufacture of the cheese or casein ew 

teins are mainly large globular proteins /J-Lactoglobuhn, which makes up 



TABLE 2 

THE WHEY PROTEINS OF BOVINE MILK 



Approxi- 
mate 
propor- 
tion of 
the skim 
milk 

protem^^ 

(%) 

Approxi- 

mate 

concen- 
tration 
in u/jey'® 

{gin 

Propor- 
tion of 
total 
whey 
protein 
(%) 

Iso 

electric 

point^^ 

(pH) 

Approxi- 

mate 

molecular 

(daltons) 

P Lactoglobulms 7-12 

a Lactalbumm 2-5 

Immunoglobulins 1 9-3 3 
Bovine serum 
albumin 0 7-1 3 

Proteose peptone 
fraction 2-6 

Total whey proteins 15-22 

30 

07 

06 

03 

1 4“ 

60 

50 

12 

10 

5 

23 

100 

5 35-5 49 

4 2-4 5 

5 5-8 3 

5 13 

18300 

14000 

15000-1000000 

69000 

4100-40800 


" Includes prolcosc peptones, residual casern and a number of minor proiei 
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half the whey proteins, has a monomer molecular weight of 18300 daltons 
but exists as a dimer between pH 3 5 and 7 5 The immunoglobulins 
comprise a mixture of glycoproteins of different sizes and are grouped 
together because they have a common antibody activity The proteose- 
peptone fraction contains a mixture of glycoproteins and phosphoproteins 
with a range of molecular weights The major whey proteins contain 
significant numbers of sulphydryl groups — ^/?-lactoglobuhn, a-lactalbumm 
and bovine serum albumin contain 16%, 19% and 19% sulphur 
respectively 

The undenatured native whey proteins are soluble at all pH values, a 
factor which distinguishes them from the caseins Except for the stable 
proteose-peptone fraction, whey proteins are sensitive to temperatures 
above 60'’C, the degree of denaturatJon depending on the protein 
component, total protein and solids concentrations, pH, ionic strength, 
temperature and time of exposure Whey proteins are noted for ihcir high 
nutritional value ’ ® ‘ The native proteins have a high degree of 
functionality Thus, they are soluble over a wide pH range, can form heat- 
induced gels, can be whipped to form stable foams and can emulsify 
significant quantities of fat 


4. WHEY PROTEIN PRODUCTS 

Significant quaniuies of whole whey products are produced commercially 
and include whey powders, whey concentrate and whey cheese The protein 
content, on a dry basis, is only 10-15 % and the protein, generally, does not 
play a major role m the foods or feeds incorporating such whey products 
Whey proteins are also recovered in some types of cheese and in 
combination with casein or microbial proteins, often as a means of 
increasing yield, but the whey proteins also can play a significant 
nutritional role m such products 

To take greater advantage of the nutritional and functional properues, 
many processes to recover whey proteins in a more acceptable and 
concentrated form have been investigated, and some are in commercial 
operation These include demineralization (eleclrodialysis or lon- 
cxchange) and lactose crystallization to produce modified whey products 
(demineralized whey, delactoscd whey and demineralized, delactosed 
whey) with 10-25% proiem on a dry basis Whey protein concentrate 
(WPC) is a relatively recently used term applying to soluble forms of whey 
protein products containing 25-95 % protein on a dry basis and produced 



INDUSTRIAL ISOLATION OF MILK PROTEINS 


WHEY PROTEINS 343 


by ultrafiltration, polyphosphate precipitation, gel filtration or adsorption, 

often coupled With demineralization and lactose crysta ization 

One of the oldest methods used to isolate whey proteins involves heat 
denaturation and acid precipitation The product, traditionally known as 
lactalbumin, retains its nutritive value, but, because it is ena ure 
insoluble in water, lacks the other functional properties of the native 

Whey protein isolation techniques have been reviewed by a number of 
authors “ Methods known to be in commercial or advanced pilot- 
scale use are shown m Fig 1 Other methods, noted from the scien i c o 
patent literature, are given in Table 3 Most of the latter appear no ° 
advanced beyond laboratory-scale work despite extensive stu ® , 

cases However, many companies do not publicize their me o 
production and some of the techniques given m Ta e j 

commercial use Details of the apparently non-commercia ize 
are not discussed in this paper and further information should be sougnt in 
the references given 


PROCaSSES 


Concenualloo— 
fvtpor* on 


WHEY 




•Pretfeatment*4 


T 

OlK«r materials 


Lactose - 


crystallization 

-•Oein neralization 

fee oaatra 
on eiefianjiie 

4 

- Separation i — 


PRODUCTS 
>Whey blends 
■Whey cheese 
»Whey powder 

j-*Del8ctosed whey powder 

\ » Demineralized delactosed 

— “ whey powder 




r 


Demineralized whey powder 
.Whey protein concentrate 


Comp pa on 
Ge f awn 
AdiOP on 


WHOLE MILK - 


— Fermentaton- 


1_ Other protein blends 

prote ns 

Lactalbumin 

»Whey protein + yeast 


SKIM MILK- 




.UIIraritraton-< 
Ultral itraton- 


-Heal AcdorCa’* -Copreclpitate 

Fig 1 Induslnal isolation of protein products from whey 

processes and unit operations used in commercial or P‘'°‘ 3 “;' 

production Some of the complex interrelationships '}'= P , 

Illustrated For clarity, final separation concentration dryng and packaging step 
in the processes have been omitted 
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TABLE 3 

METHODS FOR THE RECOVERY OF WHEY PROTEINS WHICH 
APPEAR NOT TO HAVE BEEN USED ON A COMMERCIAL SCALE 


Method 

Reference 

Precipitation by 


carboxymethykellutose 

30-35 

ferric salts 

36-39 

alcohols 

40,41 

tannin 

42 

polyacryUc acid 

43-45 

sodium lauryl sulphate 

46 

bentonite and lignosulphonate 

47 

chiiosan 

48 

tannery waste 

49 

Co-precipitation with plant protein 

50-53 

Ion -exchange 

54 

Foam concentration 

55. 56 

Dialysis 

21,41 

Ultraccntnfugation 

57 

Electroflotation 

58 


4.1. Whole-whey Products 

World production of dried whey m 1980 was 995 000 tonnes*® and has 
been growing at an annual rate of about 9% since 1965 
Whey IS usually concentrated by evaporation to 50-60% total solids 
before drying To avoid protein denaturatton, temperatures less than 70“C 
are used In recent developments, reverse osmosis has been used to 
concentrate the whey up to 25 % solids, either before transport to central 
processing facilities or as a means of increasing the capacity of existing 
evaporators Most whey powders are produced by spray-drying, 
although roller-drying techniques are in common use 
Special methods are used to produce non-hygroscopic and non-caking 
whey powders The whey concentrate is cooled quickly to 28-30 “C, 
seeded with lactose, held to promote mutarotation (conversion of ^-lactose 
to a-lactosc. which is less hygroscopic) and then further cooled slowly over a 
pcnod of hours to I5~i8 ®C to crysial(u% up to 85 % of the lactose The 
conccn trate is then spray-dried, m a single stage to produce a dense powder 
with small agglomerates, or in a two-stage process to produce a coarse 
agglomerated powder In the two-stage process, which is more applicable 
to acid wheys, low temperatures are used to the first stage to givca product 
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of about 12 % moisture This intermediate product is held for 3-5 min while 
more lactose crystallizes as the a-monohydrate, before further drying in a 
secondary drier 

The high mineral concentration in whey powder can adversely affect the 
flavour and nutritional value of the product Better-quality whey powders, 
particularly for use in infant and special diet foods, are produced by 
demineralization of sweet wheys by electrodialysis and/or lon- 
exchange 

Whey powders find their main use as stock feeds and baking or 
confectionery ingredients, often as a replacer for the more expensive skim 
milk (non-fat dried milk) powder Frequently, the protein does not play a 
major role An exception is infant formulae, particularly those attempting 
to Simulate human milk in which the ratio of whey to casein protein (60 40) 
IS markedly different from that of bovine milk (20 80) 

Significant quantities of whey concentrates (35-50 % total solids) are 
produced commercially by evaporation Uses are similar to those ofwhey 
powder 

Whey cheeses, manufactured from heated or condensed whey, are popular 
in Norway (Mysost), Malta (Ricotta), Italy (Ricotta) and Yugoslavia 
(Ziger) 

4 2. Recovery of Whey Proteins by Incorporation in Other Products 

4 21 C/ieese 

Whey proteins are being recovered in processes designed to increase the 
yield of cheese from milk In one of these the proteins are precipitated from 
the whey, recovered and added to the cheese milk In another, milk is 
ultrafiltered before cheesemaking, which proceeds without the con- 
ventional whey removal step 

In the Centriwhey’ process’* ” cheese whey is separated and clarified, 
heated to 97 °C and held for 20 mm, acidified to the protein isoelectric point 
(pH4 7-5 0), held for 75s, cooled to 40''C and fed to a self-desludging 
clarifier to recover the precipitated whey proteins in a slurry of about 1 6 % 
total solids The slurry is added, by continuous injection, to the cheese milk 
prior to pasteurization About 92-93 % of the whey proteins are recovered 
and incorporated in the cheese Cheese yield is increased by 10 to 14% 
depending on the cheese type Extra milk-fat is required to maintain the 
correct milk fat/solids-not-fht ratio in the cheese 

In a process which is gaming widespread use, particularly for soft 
cheese,’® ” milk (before or after milk fat separation) is ultrafiltered to give 
a retcniate or liquid precheese®° which has a composition close to that of 
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the final cheese, eg 39 5% total solids for Fetta A high-fat cream is 
mixed with the retentate and rennet and starter are added to the precheese 
which IS placed in the normal moulds The cheese is then treated in the 
normal manner except that little or no whey is expelled by syneresis and the 
whey proteins are incorporated m the cheese The advantages are 
summarized by Bundgaard et al and the process is used commercially m 
the production of Fetta cheese,** fresh soft cheese and Camembert 
Yield increases m soft cheese of up to 30 % are claimed ** Hard cheeses of 
the Cheshire and Cheddar types have been produced experimentally, but 
cheese quality was not completely satisfactory 

4 2 2 Co-precipitaies 

Co-precipiiaies contain combinations of caseins and whey proteins 
precipitated together from heated skim milk The initial heating (>85®C) 
of the milk denatures the whey proteins, some of which form complexes 
with the caseins The mixture of proteins is precipitated by the addition of 
acid (pH4 6-5 6, 55-65 or soluble calcium salts (pH5 8-5 9, 65^Q 
The CO precipitated curd, containing 60-75 %of the whey proteins from the 
milk, IS washed, de-watered and dncd Compared with casein, co* 
precipitates give a 7-21 % higher yield of protein, have a wider range of 
functional properties and have a higher nutritional value A total 
milk protematc containing all the casein and whey proteins of milk in a 
single undenaiured protein complex was announced recently *’ 

4 2 2 Whey Proteins and Yeast 

Whey fcrmeniaiion by lactose metabolizing yeast is a process operated 
commercially in a number of countries **~ In some of the processes, the 
whey proteins are recovered with the yeast, increasing the yield and, 
because yeasts arc deficient in the sulphur ammo acids present in the whey 
protein, improving the nuintiona! value of the yeast The process and the 
products were reviewed by Muller’* and Marlh**’* In the process 
operated by the Socicle des Alcools du Vexm (SA V), the lactose m the whey 
IS partially fermented and ihe whole liquor concentrated and spray-dricd 
In the ‘Wheast’ process, which was operated by the Knudson Milk 
Products Co ,’■* the whey proteins were heai-precipUated, the lactose 
fermented and the yeast and whey proteins recovered together by 
centrifugation, washed and roller-dried In another proposed variation, the 
whey proteins and yeast arc concemrated and fractionated from the other 
whey components by uUrafiUraiion The process is operated com- 
mercially but there is likely to be a trend lo recover the whey proteins 
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separately and convert the lactose into yeast as a source of a lower quality 
protein However, research work is continuing on the joint recovery 

4 2 4 Whey Blends 

A recent trend in food protein products is the development of a wide range 
of protein blends formulated from whey, whey protein concentrates, 
caseinates and non-dairy proteins The products are produced by dry or 
wet blending, or co-precipitation followed by heating to modify properties, 
blending with other additives and enhancers, and drying The list of 

such blends is impressively large Many are tailor-made to meet specific 
functional property needs, and increased production, with greater use of 
whey protein, is likely in the future as the functional and chemical 
properties of the whey proteins, together with their interactions with other 
ingredients, are understood better 

4.3, Modified Whey Powders 

Whey powders may be modified or enriched m protein by reducing the 
lactose and mineral concentrations of the whey 

Lactose is traditionally produced by concentrating whey and crystal- 
lizing the lactose, which is recovered by centrifugation or filtration The 
mother liquor remaining contains 38-45% total solids including whey 
proteins, salts and lactose In older methods of lactose production, the 
protein was generally denatured and used for stock feed However, if high 
temperatures (i e >70 "C) are avoided during the concentration steps, the 
whey proteins can be recovered in an undenatured form Spray-dried 
mother liquor (delactosed whey powder) contains about 25% protein 
Demineralization (10-90% removal of minerals) is used to reduce the 
mineral concentration, the high level (up to 25 of which limits the uses of 

dried mother liquor 

4 3 1 Demineralization 

Both electrodialysis and ion-exchange are used to demineralize whey (for 
the producUon of demineralized whey powder) or mother liquor Electro- 
dialysis®’ is a membrane process in which an electric current is 

used to remove the mobile salt ions (Fig 2) The cation-selective mem- 
branes contain covalently bonded amon groups (eg SOj") whilst the 
anion-selective membranes have positively charged quaternary amine 
groups In the figure the cations m whey are represented by Na * and the 
anions by Cl“ Cell pairs, each comprising a cation and an anion 
membrane, are arranged in a stack between two electrodes Whey is passed 
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Fjg 2 A schematic representation of electrodialysis 


through alternate cell pairs and a salt stream through the remaining pairs 
Under the influence of the applied potential difierence (typically I 5- 
4 5 V/cell, current density 5-20mA/cm* of membrane) the cations in the 
whey will tend to migrate towards the cathode, displacing cations from the 
cation membrane into the brine stream The canons m the brine stream are 
rejected by the anion membrane, prevented from migrating further and are 
thus concentrated in the brine stream Conversely the anions, tending to 
migrate to the anode, are rejected by the cation membrane and are also 
concentrated, elecironeuirahty is thus maintained m the brine stream 
In commercial eleclrodialysis operations, batch (residence Ume up to6h), 
scmi-coniinuous and continuous (up to 20 min) modes of opieration arc 
used Temperatures employed are either below 10°C (to limit microbial 
growth) or between and 40"C (higher efficiency because of increased 
ionic mobility, but limited by the temperature resistance of the membrane 
and the need to avoid protein denaCuration) Mineral removal is limited to 
about 60% to prevent precipitation of the protein For sweet wheys the 
process is more efficient, because of the higher initial mineral concentra- 
tion, if concentrated whey is fed to the electrodialysis stack A variation of 
elcctrodialysis, known as transport depletion, replaces the anion mem- 
brane, which can be fouled by precipitated protein, with a neutral 
membrane 

Ion exchange^® involves solid beads or resins containing 
bound groups that carry an lomc charge, either positive or negative, m 
conjunction with free ions that can be displaced by ions of the same charge 
type in the solution being treated Most ion-exchangers in commercial use 
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are made from polystyrene co-poiymenzed with divinylbenzene Cation 
resins usually contain bound sulphonic acid groups Strongly basic anion 
resins contain quaternary ammonium groups whereas weakly basic resins 
contain secondary and tertiary amine derivatives The reactions that occur 
in lon-exchange can be represented by the following equations, where R 
indicates the group bound to the resm 

Cation exchange 

R— H + Nd^ R— Na + H ^ 

Anion exchange 

R— OH 1+ cr R— Cl + OH " 

In practice, the resins are usually used in columns During demineraliza- 
tion whey is pumped in sequence through two columns In the cation 
column, which is initially saturated with H ions, dissociated cations in the 
whey (Ca^'*', Na'*’, etc ) are exchanged for H"^ ions In the 

anion column, OH“ ions are exchanged with dissociated anions (POJ", 
Cl" , CH3CH(0H)C00 ■ , etc ) The minerals in the whey are thus replaced 
by H"^ and OH" ions When the resin is exhausted, i e saturated with ions 
from the whey, it is washed and regenerated with acid (cation) or alkali 
(anion) and the cycle repeated Single-column operation with mixed resins 
IS possible, but the resins must be separated for regeneration For whey 
demineralization, operation is generally at temperatures less than 8 ®C, and 
minimum prior heat treatment is given to the whey to prevent loss of 
protein 

In general, capital costs are higher and operating costs lower for 
electrodialysis than for lon-exchange 

4 3 2 Demineralized, Delactosed Whey Po\\de} 

In a typical process for the production of delactosed, demineralized 
whey'®’ 108 ^pjg 3^^ pasteurized whey is concentrated by evaporation to 
20-30 % total solids, adjusted to pH 6 2-6 4, the concentrate clarified, and 
demineralized by electrodialysis The demineralized material is further 
concentrated to 40-60% total solids by evaporation at temperatures less 
than 70 °C Lactose is recovered by crystallization The mother liquor is 
further concentrated and spray-dried as a whey protein concentrate 
powder containing 14-35% protein (see also refs 103-105, 109, 110) 
Francis'" claimed that removing the lactose prior to electrodialysis 
allowed both high- and low-heat wheys to be processed without precipi- 
tation of the protein in the electrodialysis step Whey is concentrated by 
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Fig 3 A schcmjuc of a process lo produce demmerdiized dclactosed whey 
powder conUining 14-35% proiem 

evaporaiion to 50-60% solids and 40--60% of the lactose crystallized The 
mother hquor is centrifuged and screened to remove the lactose Residual 
lactose crystals arc dissolved by heating to 4S-50®C and the mother liquor 
is clarified lo remove insoluble protein, adjusted to pH 3 9-4 2 for cottage 
cheese whey or 4 7-6 5 for Cheddar cheese whey before eleclrodialysis at up 
lo 33% total solids to remove 20-55% of the minerals It is also claimed 
that the ratio of the concentration of sodium and potassium to that of 
calcium IS reduced, further enhancing the nutritive value of the product 

4.4. Whc> Protein Concentrates Manufactured by Ultrafiltration 
In the Usl decade the emergence of reliable and hygienic ultrafiltration 
units for commercial processing has resulted in a dramatic increase in the 
production of whey protein concentrates by this technique In 1970, there 
were no commercial plants operating on whey In 1981, Mauboise/ n/ 
estimated that 7-8 % of the world's whey was subjected to ultrafiltration 
Dc Boer and Hiddink“’ estimated an installed membrane area of 
1 5 000 m* for whey processing worldwide This estimate was based on data 
from only fisc manufacturers (Abcor, De Danske Sukkerfabrikkcn, 
Paterson Candy International, Rhone Poulenc and Romicon) Inclusion of 
equipment from Dorr Oliver, Ladish-Tncloscr and Wafilin, together 
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With sales since 1980, will result in a significant increase of that estimate In 
the USA in mid-l98I there were at least 46 ultrafiltration plants sold for 
whey processing with a combined capacity in excess of 14000m^/day 
Almost half of these plants have been purchased since 1979 (Horton Inc., 
private communication) In Australia and New Zealand seven commercial 
plants are processing whey by uUrafiliration and at least 20 plants are 
operating in Western Europe 

4 4 1 Ultrafiitration 

Ultrafiltration allows the selective separation of protein from lactose, salts 
and water in varying proportions under mild conditions of temperature 
and pH The related membrane process, reverse osmosis (also known as 
hyperfiltration), in general, removes only water and small amounts of 
solutes from whey, resulting in concentration of the total solids 

Ultrafiltration is a physicochemical separation technique m which a 
pressurized solution flows over a porous membrane The membrane allows 
the passage of only relatively small molecules Figure 4 demon- 

strates this schematically the retentate flows over the membrane, while 
under the influence of pressure, water flows through the membrane, 
together with the low molecular weight solutes The protein is retained by 
the membrane and is concentrated relative to the other solutes m the 
retentate Also any fat globules or suspended solids are retained in the 
retentate 

The membranes used in ultrafiltration are asymmetric microporous 
structures, the effective layers of which appear to contain pores with 



Fig 4 A schematic representation of ullrafiUraiion of whey 
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d,ametersra„gmgfrom Uo20nm 

membranes were manufactured '^“'^ j^^ 3 l 5 j. 5 oluble solutes and 

permeabletowater haslowpermeabd y .ommerctal operations 

can readily be cast in thin films H ’ It could not be used 

c=lluloseacetatehadanumberofpract.eall.mUa^ 

at high temperatures (many membranes^ 

although some could be used up o 5 ) ^ ® ^nisms and some 

and cellulose acetate was sensitive to attack by ” ® manufactured 

Lmmonly used disinfectants Ultrafiltration „„„ 

from synthetic polymers (e g ^Y^msisince to high 

common commercial use They are characterized by resista 

temperature (up to 100"C) and can withstand " ^ jg, and 

SotShaveavery high resistance tochlonneCwide yused f^^^B)^^ g 

can be cleaned with the materials normally used in the da ^ 

Trie aCd and sodium hydroxide, A 

from zirconium oxide and supported <>" ‘““™=,t9bmu.snot 

temperatures up to 400 °C and to be resistant to p industry 

clear if such a membrane will be permitted to be used in th 

4 4 2 Theories of UUrafiliraiton describe 

Whilst there are several theoretical treatments in common , n 

the transport of solutes and solvents ^eate’per 

the cITcets of various parameters on the flux (the Ho"' _fa J ^ 
unit area of membraue) are not adequately described by such rheo^ 
models Nevertheless, empirical chemical engineering je- 

developed which describe flux behaviour adequately enough to a 
up from pilot scale studies In a study o the 

cheese whey. How ell el ul • ” showed that the flux fell rap dly (m 
5 s) from the clean w ater flux, and continued to decline at a 
to 10 min and then at a much slower rate for more than 5 h 
have shown that the flux of dilute whey solutions increases with mere 
temperature, it increases with increasing pressure up to a limiting 
pressure, which, for a given system, is a function of the velocity 
across the membrane surface (Fig 5), and il decreases with increas 

protein concentration (Fig 6) .„,tances 

Coupled with the inlrinsic membrane resistance, two other resist 
are assumed to atfecl the flux, (i) concentration polarization an 1 
fouling Initial flux is high, but falls very rapidly as conMntr 
polarization occurs As permeate is removed through the . 

prolemtcndstoaccumulatcatthcsoluuon-membraneintetface Ins J 
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Average pressure {kPa} 

Fig 5 The effect of average pressure and recirculation flow rate on the flux of 
casein whey in tubular membrane equipment Flow rate (litre/s) •,0S,B,1 1,0. 
2 3, A, 3 0 Note that at the low flow velocity (0 51itre/s) there is a maximum 
pressure above which the flux does not increase with increasing pressure 

stale conditions, the transport of solute by bulk flow towards the 
membrane is balanced by the combined effects of diffusive flow in the 
opposite direction and permeation through Che membrane As the protein 
concentration at the interface increases, the resistance to flow increases 
Eventually the protein concentration may increase sufficiently for the 
protein to gel on the membrane ** 2-121 



Protein concenuat on (%) 

Fro 6 Thccffeciofincreasjngwheyproteinconcentrationonfluxofcasctnwhey 
Note that protein concentration is on a logarithmic scale *** 
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The design of commercial ultrafiUratiOD equipment has been directed to 
reducing concenlraUon polarization to a minimum and maximizing e 
flux, as this IS the mam determinant of the capital cost of an ultrafiltration 
plant Coton and English‘d* and Matthews and Houldsworth 
discussed the factors to be considered in designing ultrafiltration equip- 
ment The International Dairy Federation*^® published a detailed 
of equipment available (Table 4), while Horton*^* discusse t e 
advantages and disadvantages of each type 

A further reason for deviations from ideal behaviour is fouling oi l e 
membrane (the second and third stage of the process described by Howell et 
Some of the characteristics of fouling are similar to those o 
concentration polarization However, fouling reduces the flux of c can 
water, a factor not affected by concentration polarization Moreover, it is 
not possible to achieve steady-state operating conditions while fouling is 
occurring As fresh raw material is fed to the plant, fouling increases unU 
eventually the process must be stopped and the membrane cleaned by 
chemical or physical methods Despite many studies the mechanisms o 
membrane foulingare not clearly understood In processing whey, proteins 
such as a-lactalbumm and /l-lactoglobuhn have been shown to form layers 
on the membranes*** and it has been stated that calcium salts, lipid 
material, etc , are also involved m fouling *** Poor-quality water will also 
foul membranes, particularly where high concentrations of iron oxides or 
silica arc present Some fouling is irreversible and the membrane must then 
be discarded and replaced Fouling may also be the consequence of concen- 
tration polarization, wherein the increase in concentration of the rejected 
species at the solution-membrane interface may lead to precipitation or 
gelation of components on the surface, or within the pores of the 
membrane 


TABLE 4 

ULTRAHLTRATION EQUIPMENT USED COMMERCIALLY FOR WHEY PROCESSING 


Type 

Spacing 

Manufaciurers 

Open tubular 

4-25 mm diameter 

Abcor Inc , Paterson Candy 
International Ltd (PCI), 

Wafilin bv 

Plate and frame 

0 7-15 mm channel 

De Danske Sukkcrfabnkker 
(DDS), Rhone Poulenc 

Flat leaf 

1 0-2 3 mm 

Dorr Oliver Inc 

Hollow fibre 

0 5-1 5mm diameter 

Romicon Inc 

Spiral wound 

0 9-1 2 mm channel 

Abcor Inc , Ladish-Tnclovcr Co 
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While aspects of plant design can affect membrane fouling, major efforts 
at reducingfoulingdunngultrafihration have been directed at physical and 
chemical pretreatments of the whey *34 pretreatments used to 
increase flux during ultrafiltration, to prevent fouling of the membranes 
and to modify the properties of the whey protein concentrate include 

(i) Holding sweet whey at elevated temperatures (55 ®C) for one to two 
hours before processing, which has been claimed to improve 
membrane processing rates, probably because calcium phosphate 
is able to separate from the whey However, this treatment did not 
affect the processing of acid whey 

(ii) Clanfication (gravity settling, centrifugation or filtration), 
sometimes preceded by calcium addition,^^®pH adjustments^® or 
demineralization 

(ill) Healing, also sometimes preceded by demineralization, calcium 
addition or pH adjustment ‘‘**-*•*3 

(iv) Demineralization 

(v) pH adjustment 

(vi) Sequestration of calcium 

(vii) Calcium replacement with sodium 

Preconcentration of the whey prior to ulirafiltration also improves the 
productivity of the process in some circumstances,®^ both because 

of the smaller quantity of permeate to be removed and because the 
preconcentration induces complexing of calcium salts and gives an increase 
in ionic strength 

The effects of pretreatments on flux are dependent on the type of whey 
being processed, the type of ultrafiltration equipment, the membrane type, 
and the operating conditions It is difficult, and even misleading, to 
extrapolate from one system to another In particular, pretreatments 
developed for one type of membrane (e g cellulose acetate) may not be 
applicable to the newer types of membranes The reasons for this are not 
clear Pretreatments can also have a profound influence on the composition 
and properties of the whey protein concentrates and permeates because of 
the altered whey composition and modificaUon of the retentions (i e the 
degree of separation of a component from the solvent of various whey 
components) 

4 4 3 Commercial Whey Ultrafiltraiion 

Ulirafiltration is being used to produce whey protein concentrate powders 
with protein contents ranging from 35-85% 63 78 112 ii3 iso-isa ^ 
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Fio 1 A schematic of a process to produce whey protein concentrates by 
continuous, multiple stages in'Senes ultrafiltration 


typical flow sheet IS shown in Fig 7 Whey, particularly sweet cheese whey, 
IS separated to remove milk-fal as whey cream, and frequently pasteurized 
before prcireaiment and storage Because of the vanation in feed rate 
throughout the time of uUrafiliration (imitany the flux is very high, falling 
rapidly as the initial quasi-steady state »s reached, and then falling more 
slowly as the membranes foul), whey must be accumulated before 
uliraflUration commences 

Early commercial uUraflUrauon plants were operated in batch mode 

(Fig 8) However, for rmcrobtologically sensitive materials, such as whey, 



P*""? Penreaie 


Fig 8 Ihoccss flow sheet for batch ultrafiitraUon m which whey at the desired 
process tcmpcralure and pressure iscirculated through the membrane plant back to 
the feed tank while permeate is removed The residence time is equal to the batch 
tunc *’* 
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ft t t 



Feed 

pump 

Fig 9 Process flow sheet for J continuous, multiple stuges-m-series ultra- 
filtration unit ‘ 


batch processtng is undesirable because of the long residence time and the 
danger of excessive microbiological growth although this can be minimized 
if plant IS operated below 10°Corabove48°C The majority of commercial 
ultrafiltration plants recently installed in the dairy industry have been 
designed as continuous, multiple stages-in-series (4-15 stages) recircula- 
tion systems, generally operated at about 50 °C Figure 9 illustrates a unit 
with only four stages, but up to 15 stages are in use in commercial plants 
Feed enters the first stage and some retentate (partially concentrated with 
respect to protein) is passed to the second stage The remainder of the 
retentate returns to the recirculation pump and is mixed with incoming 
fresh feed The feed to each successive stage and the protein concentration 
in the retentate in each stage is higher than that of the previous stage The 
permeates from each stage are removed for processing To niaintam 
velocities adequate to minimize concentration polarization and fouling, 

booster or recirculation pumps are used in each stage Figure 10 shows a 

typical mass balance for a single stage 

The protein /total solids ratio of the final retentate for a given feed and 
plant IS controlled by the quantity of permeate removed The more 
permeate that is removed, the higher the protein/total solids ratio Ratios 
are limited to about 0 65 1 , because the flux in the latter stages is excessively 
low as a result of the high viscosity of the retentate ( >20cP) To achieve 
higher ratios, water is added to the retentate in the final stages, at a rate less 
than the permeate fiux The water dilutes the retentate. decreases the 
viscosity and, as it permeates, washes out lactose and minerals This 
process is known as diafiltration 
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Permeate 

kgm 

Total 2 400 

Protein 02 

Total solids 145 5 



,„„osuommerc,alplan.slhefinai™^ 

further concenlrauon .s required before spray drying 
ea40X) evaporauon ,o 15-20% pro.em m high- 

commereial practice Pilot-scale trials «'>h 35 

pressure ultrafiltration have produce concentrat advantages over 

Wtal solids (28 % protein)- » and such processes thermal 

thermal evaporation because of greater drying economy 
dcnaturation of the proteins oonned and the 

At least once per day, the 

membranescleaned,torestoreinitialBux,andsanitiarf M d P 

cleaned with sodium hydroxide, nitric acid and s-d'-*” ^L„,nues, 
solutions or hydrogen peroxide, although enzyme ® „ercial 

initially developed for cellulose acetate membranes, are still m com 

“"The yield of product from a given whey is a °as‘’orrc 

concentration of the product and the retention „hey 

membrane Table 5 containssomecalculated yields f™-" “ P« concentra- 
fed to a particular ultrafiltration plant^a ° P'°‘“"„Xracter- 

tion taking into account protein loss teause of the f„m 

.sues of the membrane Thus, the Other 

1 15 3kg m> of whey at 35% protein to 6 4kg/m- at 80 /. protein 
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TABLE 5 

CALCULATED YIELDS OF PROTEIN AND TOTAL SOUDS IN THE RETENTATE AND PERMEATE 
PER UNIT VOLUME OF WHEY FED TO A CONTINUOUS MULTIPLE STAGES IN SERIES 
ULTRAFILTRATION PLANT (kg/m^ WHEY) 





Piotem in final product (%) 




35 

50 

65 

80 

Protein 

Reienlate 

5Y1 

5 32 

5 22 

5 10 

Permeate 

0 43 

0 48 

0 58 

0 70 

Total solids 

Retentale 

15 3 

iO 6 

80 

64 

Permeate 

49 7 

54 4 

57 0 

58 6 


yield values will be obtained from other wheys and ultrafiltration plants 
with different retention characteristics Actual yields will also be lower 
because of processing losses, etc 

The disadvantages of ultrafiltration to recover whey protein con- 
centrates are the high costs, both capital and operating For the ultra- 
filtration operation alone, capital-related costs are about 40 % of the total 
operating costs Membrane replacement costs are also high (15-30% of 
ultrafiltration operating costs) Most manufacturers guarantee a mem- 
brane life of 12-18 months and actual membrane life has been found to be 
from three months to more than three years 
Ultrafiltration is a versatile unit operation, capable of producing a wide 
range of functional protein products,*** and further growth in the 
production of ultrafiltered whey protein concentrates can be expected 

4.5. Phosphate Precipitation 

Under the appropriate conditions of concentration, pH, ionic strength and 
temperature many of the whey proteins begin to unfold and expose 
sulphydryl and hydrophobic groups This effect is enhanced by the 
presence of complexing agents and the proteins can be precipitated from 
solution Complexing ofwhey proteins as a means of isolation and recovery 
has received considerable study (see Table 3) but only phosphate com- 
plexes of whey (also known as lactalbumm phosphate) are available 
commercially at present, and these only m relatively small quantities 
Long-chain polyphosphates precipitate whey proteins at low pH 
Phosphate chains, 50-60 residues long (0 5% concentration, pH 2 5) 
precipitate more nitrogen than tnchloroacctic acid **®The polyphosphate 
can be removed by neutralization and either precipitation by calcium ion 
addition, clcctrodialysis, ion exchange**"^ or gel filtration 



K R MARSHALL 

360 

In a typical process' ” a heated 

polymetaphosphate and sodium hexame p P precipitate 

^55"S whey (300-900mgil00ml) ,s precipitated 

recovered by centrifugation and washed Th ph P 
from the complex by pH with the phosphate 

Hidalgo et al showed tha ca . ^ by cation exchange, 

precipitation reaction If the whey is of 50-100mg 

70-90 y of the whey protein is precipitated by nrecipitate, on a 

Cmiphosphate/lOOmlwheyThec^^^^^^^^^^^ 

dry basis, IS 70-85% protein, 1^20 /.hexametaph p^ ,, 

lactose Other variations of this proceo 

Melachouns ““ ,ft_osv nrotcin is available as a 

Commercial product, containing 30-85% P™'; { b,i,zedptecipih*“ 

powder, produced by spray ^ produced by 

at temperatures below 70X Whe^ protein con«ntrates,^ 

phosphate complexing, have moderate 'Lost of removing 

Insoluble near the isoelectric pH ^Mause of the gh jrations 

the phosphate they also tend to have Relatively high mmeml^^^^^^^ 
and, in many food systems, the phosphate has an 
functional properties 

4 6 Gel Filtration procedure for 

Gel filtration is a chromatographic or molecular ‘;,.,64 small 

separating substances on the basis of “L solvent m the 

molecules, such as whey salts and lactose, can 1^'™ , or completely 

gel phase but larger molecules, such as protein, arc p J ^ ^ batch 
excluded and are eluted more rapidly Gel filtration ^l^,od with 

process in which the whey is applied to the gel. 111' P™ . apphed 

deionized water the remaining whey components eluted, th 7 

to Ihc gel again and the cycle repeated Three modes of pe 
described “•* column, centrifugal and annular ,„j„o,st and 

Commercial column operation is desenbed by ^ „atcd 

Williams Whey, pretreated to remove lipid and solids is co 
by evaporation at 78°C (although reverse osmosis and uUranit 
also been proposed) to about 20% total solids, cenlnfuge a 
remove precipitated solids, and applied to the column at 55 c B 
two fractions are eluted from the column with deionized "Ute 
molecular weight fraction containing the protein and a 
weightfractioncontaininglactoseandsalts The cycle times at ^ 

of 20-30 mm and the use of a number of columns gives e 
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continuous operation The high molecular weight fraction (1-2 /„ total 
solids) IS concentrated by evaporation and spray-dried Depending on 
where the cut is made between the high and low molecular weight fractions 
product containing 30-80 % protein can be obtained Protein yield is abou t 
65 % of the protein present m the initial whey for a 75 % protein powder and 
increases (up to 90%) for lower (40%) protein-contaming Products^^ 

In another commercial operation,” whey was Pretreated to 

remove lipid material and suspended solids, concentrated to 50% tota 
solids, lactose removed by crystallization, and the liquor, i u e o 

20% total solids, applied to the gel Delaney el al stated that basket 
centrifuge gel systems”® were being used but Grindstaff 
columns This process produced three protein products, one ot 50% 
protein and two with about 15% protein This operation has now been 

abandoned , ^ j , 

The drawbacks of gel filtration are the high capital cost, the low 
concentration of protein in the eluate from the gel, the pro ems o 
controlling microbial growth and the difficulties of cleaning the gel 
particularly after fouling by protein, calcium phosphate or ipi y 
small quanUties of whey protein produced by this process 
available commercially, despite the high expectations in the early in /us 


4.7. Adsorption , . u 

Whey proteins are amphoteric molecules and may be considere as c arg 
ions At a pH lower than their isoelectric point whey proteins ave a ne 
positive charge and behave as cations which can be adsorbed on cation 
exchangers At a pH above their isoelectric point the proteins have a ne 
negative charge and behave as anions which can be adsorbe on anion 
exchangers Media with suitable pore sizes and surface characteristics ave 
been developed specifically tor recovery of protein from dilute solutions 
and a number have reached pilot-scale or senu-commercial ^operation 
Suitable media have been prepared from regenerated cellulose, titania. 


alumina^’^ and silica 

In the ‘Vistec’ process using regenerated cellulose j ^ "I ^ 

proteins are adsorbed at pH3 2 and desorbed at pH9 0 ^ 

and desorption are performed in stirred tank reactors fitted with filters 1 he 
dilute protein solution (1 %) is concentrated by ultrafiltration (which also 
results in a reducUon of the mineral content) and evaporated before spray- 
drying Protein yield from whey is improved by demineralization or by 
ultrafillrauon (to 1 5 % protein) of the whey pnor to adsorption 

In the'Spherosif process,”’-” sihca-based resins are used m columns 
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Whey .s passed through the a^'d'the 

the resro is saturated, it is washed to P t „,eins are all in cationic 

::rta/r.th1yrcWor.cac.d^ 

rlot“^efn"l^^s™sM The immunoglobulins are eluted wit 

ammonium hydroxide i at a concentration of 2-5 % They 

The proteins are obtain^ m , _aporation before spray- 

are concentrated further by ultra ra protein in the 

drying The Spherosil process t ogen components 

w4y Some of the proteose-peptone and non-protein nitrog 

are also extracted . , .nn^xchange adsorp- 

Whey protein coneentrate powders recora^ y J 

non techniques are characterized by ,o base high 

f<05M lactose and lipid concentrauons and are c prospect 

Lctionahty The column t«hnique,m^rticular also ff a 

of protein fractionation, allowing specific prole p, lot-scale 

punfied form This method, thou^ still only ^ ^ prp,ps of high 

stage, shows promise as a means of producing speciahze p 
punty 

4 8. Lactalbumin . .i.„t,niration is known 

The product precipitated from whey by heat nroduct from 

traditionally as lactalbumin Early production was as y^P 
lactose manufacture, but more recently, particularly ” f,ootose 

production of lactalbumin has become significant, independent ol 

manufacture «r«fpms has been 

The effect of increasing temperature on whey p heated 

extensively studied '« “ “ '’»-•> When the whey P^“=„ndom 
they denature as their globular sttuoture unfolds ^jonog 

stmclure The snlphydryl groups of the whey proteins are ex^^^^ 

heaung so that aggregation can occur, partioularly in ‘ P „f 

calcium The effects of temperature and time on the P^“ P . „ pme 

proteins from casein whey arc shown in Fig 11 ^pimtion 

of 10 nun at 90"C was found necessary for maximum P™'®" P ^ 

At the natural pH (4 6) the yield was approximately 75 /. of Ih P 
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Temperature ('C) 


Fig n The effects of pH (holding time 1 h, of 

pH4 5), •, and temperature (holding time 12min, pH4 5), A. 

laclalbumin from casein whey 


the whey As the pH of the whey was raised to approximately 6 3 the yield of 
protein increased to 90% However, the mineral concentration in the 

precipitate increased as the pH was raised ♦ 

Calcium IS required for the coagulation of denatured whey pro ei 
pH values greater than 6, although the reaction on y occurs a 
temperatures ^ Rennet casein and cheese wheys give a maximum 
precipitation at pH 4 5, whereas for acid whey the maximum precipi a i 
occurs at pH 6 5 When the calcium concentrations of the rennet and cheese 
wheys are increased, both types of whey behave in a manner simi ar o 


of acid whey 

Commercial methods for the production °^^actal^bumjn vary, ^ 

on the type of whey and the final product required ( *8 - 
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methods (Hobman, pmate communication) 

Whey IS healed, ^ilh or without pH adjustment (normally pH4 6 or about 
pH 6 0-6 5 are used) to above 90^0 for longer than 10 nun to denature the 
protein If necessary the solution is adjusted to pH 4 6 to coagulate and 
precipitate the protein, which is recovered by settling and decanting, or 
centrifuging The precipitate has high concentrations of minerals 
lactose, which if necessary can be removed by washing with water The 
washed preapitate is dewatered by settling, ccntnfuging or filtering prior to 
drying using fluidized-bed, pneumatic-conseying nng, roller or spray- 
dners The dned product is ground, blended and packed The early stages 
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of this process are similar to those employed in the ‘Centnwhey’ process to 
increase cheese yield 

In a vanation of the basic process, Cheddar cheese whey was treated 
in a cation exchange column, blended with raw whey to reduce to 
pH4 5, and then heated Improved processing was claimed for 
demineralized whey Prior concentration to at least 15-18% 

total solids before heating could be employed to reduce the volume of 
liquid that must be heated Variable effects on the yield after concen- 
tration by evaporation have been reported 39 , 194-197 Concentration 
by reverse osmosis and ultrafiUration, both before and after heating, 
have also been studied Modler and Emmons^®"^ heated whey to 

95 ''C at pH 2 5-3 5 and adjusted the solution pH to 4 5 before precipi- 
tation The dried product from this process was soluble, particularly above 
pH5 0 

A pilot-scale, continuous process has been described Coagulation 
was at UO^C with an average residence time of 8 min at pH 6 To increase 
the protein content of the precipitate above 65 %, the cooled slurry can be 
adjusted to pH 4 5 (thus resolubihzing the calcium salts) prior to centri- 
fuging Even higher protein contents (up to 95 %) can be obtained by 
washing the centrifugate 

A detailed discussion of the methods of recovery of the precipitated 
lactalbumin is contained in the reviews by Robinson et al ‘ and Greig ^ 
Modern plants use self-desludging centrifuges to recover the precipitate 
prior to washing Self-desludgmg centrifuges are used to dewater the 
washed slurry Horizontal solid bowl decanters are being used for this duty 
also (Hobman and Retter, private communication) Lactalbumin slurries 
are dried m spray-driers (feed to drier 14-16% total solids), roller driers 
(15-24%) or pneumatic-conveying ring driers (20-30%) Casein driers of 
the tunnel, Bates or Fillet type can be used, provided filtration is used to 
produce a cake of 24—30 % total solids which is pelletized before being fed 
to the dner (Fig 12) The yield of protein vanes from 45 to 80% of the 
protein m the whey, depending on the conditions used The precipitate 
contains from 45 to 90% protein on a dry basis, depending on the pH of 
precipitation and the degree of washing Product yields range from 4 8 to 
8 3 kg/m^ of whey 

Lactalbumin is finding an increasing range of uses'®^ particularly 
in cereal-based foods requiring nutritional supplementation Whilst tradi- 
tional lactalbumin does not retain the functionality of the native proteins, 
the nutritive value is high and continued production can be expected 
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5. CONCLUSIONS 


During the last 20 years there has been “ However, nearly 

of whey to here is a considerable potenual for 

half the whey IS still *>=‘"8 “ „hcv-based products Pressure from 

further growth in the 1’™''''“ of natural waterways and the 

leoslauvc authorities to reduce polluuon o lums continue to 

desire of the dairy industry to „search studies 

promote the commercialmation of whey ® ^,„g rncovered as 

Most of the whey solids that ate being P' Smaller quanliUes of 

whole whey, either as whey ^ overcd in cheese and co- 
whey solids, particularly proteins, ate „gsnph,sticationof 

ptecipltatesandwithmicrobialprotem *= 8^“ 8 ^ 

«paration techniques, whey powders ate ^ * P^ ^ ,on-e«:hango 
methods as lactose ' „o ^ 

Sophisticated unit operations are making it p 

whey proteins with their functional ? ,5 o„d other ample* 

filtration is finding wide scale use at present Pho P a oihey 

precipitation techniques show little . .na^^oducts The use 

prote.nisolaUonandwillfinduseonlyinsi^aliz^endproM^^^^^_„ 

of gel filtration is unlikely to grow unless there « a in 1 sranes for 

technology, similar to the advent of rehable ,ot scale, 

ultrafiltration Adsorption ‘“>’"'' 1 "“’ ° of the proteins 
show considerable promise because of the high punty ' “ovelyhigb 
produced and the potential ability to P'°“ , _owth of this 

projected capital and operaUng costs may hinder rapid growth 

The future for whey proteins, particularly whey P'°‘“" a 

not clear The potential is very great, but, before “ ^of thewhey 
deeper knowledge IS required of thecoraplea physical ,0 their 

proreins, both in their reactions dunng the isolation procedures 

interactions with other food ingredients 1 „ H,.nendent upon a 

The growth of whey protein isolauon methods is also P= „oteins 
recognition and use of the unique functional properues of Ihe^^ 

Whey protein concentrates are being used frequently as „st 

skim milk or non fat dned milk solids, because "'ey often hav^^_^^ 
advantage as a result of the support prices paid for ^,h,eve 

constantly changing market, and. until whey P™‘“" will be 

an idenuiy of their own, their widespread use by food processor 

constrained 
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The food processor is faced with a wide range of whey protein products, 
each with unique properties. It is probable that the market impact of these 
products could be increased if whey processors limited the range ol 
products presented to the market However, this limitation must not be at 
the expense of reduced flexibility and a reduction in the ability to tailor- 
make whey proteins for specific end-uses 
A significant economic factor limiting the production P*-® 

concentrates is the need to process the deproteinated serum s serum 
retains most of the components of the whey which could cause po ution 
and many avenues are being studied to determine means of using t ese non 
protein whey solids - , 

Continued fundamental studies of the physical chemistry o ^ 
proteins, coupled with vigorous co-ordinated technical marketing o e 
protein products isolated from whey, will be needed if commercia w ey 
protein isolation methods are to continue to grow 
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FUNCTIONAL PROPERTIES OF MILK PROTEINS 
AND THEIR USE AS FOOD INGREDIENTS 


C V Morr 

Clemson Uimersitv, Clemson, Soiilh Cat ohm, USA 


1. INTRODUCTION 

The functionality of milk proteins is essential to the 
production of most commercial milk products Milk pro em 
IS beyond the scope of this discussion, but general treatments subject 
are provided in previous chapters of this book as well as m other 

references'"* „ „ „,ii, »= 

The fundamental properties of caseins and casein micelles 
influenced mainly by compositional factors such as protein ’ 

pH, ionic composition, and temperature, heating an enzyme ■ 

all play important roles in providing physical stability 
colloidal and emulsion systems ’ The susceptibility of "Ify « 

denaturation and aggregation in highly heated an e y 
products IS also a function of the above factors In a 1 1 , 

undergo substantial alterations in physicochemical proper i 
processing treatments required to isolate them from ini ’ . 

proteins - For example, adjusting the pH of milk to 4 6 
precipitate the caseins and subsequent neutra iza lo nntnx of 

produce caseinates, completely disrupts the colloida p osp 
native casein micelles and thereby alters the physicoc emic ,.^ 1,5 

the resulting product Treatment with rennet-type Cjjjg 

specific hydrolysis and alteration of the physicochemica P 
caseins without disrupting the colloidal phosphate ™a t"' interacted 

tion of casein micelles and denatured whey proteins, w ic ,nHniibtedlv 

via disulphide interchange during the high heat treatment, undoubtedly 
375 
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alters the physicochemical properties of both proteins It is therefore 
understandable why each of the different milk protein products exhibits 
unique physicochemical and functional properties in food applications 


2. GENERAL AND FUNCTIONAL REQUIREMENTS OF FOOD 
PROTEIN PRODUCTS 

Commercial milk protein products, c g caseins, casemates, cascin-whey 
protein co-precipUates, whey protein concentrates and isolates and lact- 
albumin, all meet the general requirements listed m Table I far food 
protein products and ingredients * They also meet a number of the 
functionality requirements (Table 2) for food proteins ® * For example, 

TABLE I 

GENERAL REQVIRE^fE'^TS FOR FOOD RROIllS FRODVCrS^ 


Free of loxic/anli nuintional factors 

phytate, flatulence factors, enzyme mhibuors, microbial loxms. pathogenic 
micrO'Organisms, toxic ammo^acid denvali>es 
Minimal otf'flavour and colour 
High protein concentration 

Compatibility with other ingredients/processmg conditions 

Protein functionality 

Nutritional quality 

Ready availability and low cost 

* Adapted from Morr * 


TABLE 2 

FUNCTIONAL REQUIREMENTS OF FOOD PROTEIN INGREDIENTS* 


Property 


FuncUonat afcndute 


Organoleptic 

Appearance 

Hydration 

Surfactant 

Structural 

Textural 

Rheological 

Other 


Flavour, odour, texture, colour 
Turbidity, colour 

Solubility, dispersibibty, swelling, viscosity, gelation 
Emulsiflcalioi), foaming, whippjng, baking 
Elasticity cohesion, textunzauon, aggregation 
Viscosity, adhesion, aggregation, textunzauon, gelation 
Aggregation, gelaUon, viscowiy, dough formation, 
extnidability 

Compatibility with other in^edients and with processing 
conditions 


Adapted from Morr 
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milk protein products generally possess excellent nutritional quality, 
flavour and colour if processed and stored under conditions that minimize 
Maillard and oxidative chemical reactions 


3. CASEINS AND CASEINATES 

The functionality of caseins and casemates is closely related to their 
physicochemical properties A brief consideration of this subject is 
provided below, but the reader is referred to previous chapters for 
additional details 


3.1. Physicochemical Properties of Casein 

Perhaps the most significant aspect of the primary structure of the casein 
subunits, c g a,-, and K-casems, is their large and uneven distribution of 
acidic (carboxyl and ester phosphate) and hydrophobic ammo-acids along 
their polypeptide chains As indicated by Bloomfield and Mead,” this 
phenomenon leads to highly charged polar and highly hydrophobic regions 
on their molecular conformation, thus resulting in amphiphilic properties 
which are highly susceptible to iniermolecular interactions and polymeriza- 
tion through hydrophobic and bonding Slattery” developed 

conformation models for each of the major casein subunits Inherent in his 
models is the consideration that a uniform distribution of proline residues 
along the polypeptide chains of the caseins is responsible for their random 
cod conformation with Iittie hehcal content His inodeis aiso depict the 
casein subunits as compact, prolate ellipsoids containing most of their 
hydrophobic residues in one region of the polypeptide chain, plus an acidic 
region containing most of the carboxyl and serine phosphate groups The 
compact hydrophobic region is apparently stabilized by intramolecular 
hydrophobic bonding while the acidic region of the molecule is exposed to 
the aqueous phase and available for interaction with adjacent molecules 
through ionic and bonding Additionally, jc-casein contains two 

half-cystine groups and a glycomacropeptide group that provide additional 
mechanisms for interaction with other caseins as well as with whey proteins 
under appropnate treatments and processing conditions ^ 

Consideration of the above conformational models of the casein 
subunits IS useful in attempting to understand fundamental differences in 
their functionality in various food applications The three major caseins 
exhibit strong interactions at neutral pH, especially in the presence of Ca^ 
ions, presumably through cross-lmking of carboxyl and ester phosphate 
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groups, as v.cli as through intcrmoIccuUr hjdropliobic bonding that is 
favoured at appropnalc conditions of temperature, pH and (Ca^*^| 

The acidification and ncutraiizalion treatments cmplojed for prccipiia- 
lion and rcsoJubihzatJon (Fig i) remove the colloidal phosphate matrix 
that stabilizes native casein micelles in milk. The resulting protein sjstcm 
consists of polymerized casein subunits that arc probably arranged in an 
ordered structure that allows maximum interaction through h>drophobic 
bonding and also retains the polar, acidic groups in an exposed position 
where they can be readily infiucnccd by pH and ionic composition of the 
medium ** Such re-formed casein polymers bear little resemblance to 


pH4£ «nh 
iocne ftmmtoMn 

HCl HgSO^ 


C&SeiN CURO 


ACID CASEIN ■ 


pH 6-7 oiltt 
~HoOH. KOH,C«IOH)f 


rtnnif iristmant 


CASEIN CURD 


RENNET CASeiN 


CASCtNATC 

Fio 1 Production of commercial casein and casemate products 


native casein micelles m milk, even if produced under conditions that 
closely resemble those in milk with respect to pH, [Ca^^], Imorganic 
phosphate] and other compositional factors, since they do not contain the 
colloidal phosphate structure of native micelles Rennet-treated casein 
products have undergone substantial hydrolysis of their K-casein com- 
ponent but otherwise retain the basic structure of native micelles ‘ * Thus, 
commercial casein and caseinate products exhibit a spectrum of physico- 
chemical and functional properties that can be matched to the require- 
ments for a number of different food products 
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3 2. Commercial Casein ProUucls nmilucts 

The historical and current status of 

manufacture and utilization has been reviewed (sec 

of this book) Annual production of these products is PP 

120 000 tonnes on a worldwide basis, most of which is pro 

Zealand and Australia j . „rnHiirpri 

A variety of different casein and caseinate f 
including acid (hydrochloric, lactic and sulphuric) casein, 
casemates (sodium, potassium and calcium) and casein-w ^ 

precipitates Lactic casein is produced by fermentation o p o f 

milk with Streptococcus lactis or S cremons cultures to “ suluhuric 
4 6, the isoelectric point of the caseins Hydrochlorie ^ sulphune 
acid caseins are produced by direct acidification wit t e re p 

obtampH46 Rennetcasein is produced bytreatingsimm ™,celles 

type enzymes to modify the A-casem component o ® of 

resulting m the formation of a get structure, as in ^ 

cheese These casein products are processed to expe an sieved and 

washed with water, drained, pressed, milled, dried, gro , 
bagged (Fig 1) All of these processing steps are tes 

produce a protein product with adequate ‘ ra(OH)j 

are produced by treating acid casein curd with NaOH, ,„onding salt 
to resolubihze it and convert the casein subunits to their 
form at pH6-7 The resulting casemate sol is ^P'^^ ^ “ V 
bagged Casein and whey protein co-precipUates denature 

of processes that generally involve heating skim milk t ^ 

substantial amounts of the whey proteins and ^omp ex thereby 

casein component of casein micelles by disulphi e m to 

rendering the entire milk protein system precipita e upon „oipitate 
PH4 6 or by addition of Ca- ions The P^d a^d 

consisting of about 10-20% whey proteins, ‘den drame , 

further processed as for casein products ^“dnnBhcop P 

been produced containing casein and other protein 
cereal, oilseed and egg), casein and whey protein co pre p 
only products being manufactured and used on a comme 

3 3 Composition and Physicoclicmical Properties of Caseins and 

The general composition of commercial casein and P™^on of 

given in Table 3 Obviously, variations are expected in the comp 
these products due to the use of different processing conditions in 
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TABLE 3 

APPROXlMATt PERCtSTAGL COUPOSmON OP COMMERCIAL CASflS ASU CASEINATE 
PRODtCIS* 


Component 

Sodium 

eaxemate 

Cafcium 

caseinate 

Acid 

casein 

Rennet 

casein 

Co- 

precipitate 

Protein, N x 6 38 (mm) 

94 

93 5 

95 

89 

89-94 

Ash (max) 

40 

45 

1 2 

75 

45 

Sodium 

1 3 

0 05 

0 1 

0 02 

— 

CalCTum 

0 1 

1 5 

0 08 

30 

— 

Phosphorus 

08 

08 

09 

1 5 

— 

Lactose (max) 

02 

02 

02 

— 

1 5 

Fat (max) 

1 S 

1 5 

1 5 

I 5 

1 5 

Moisiurc (max) 

40 

40 

10 

12 

50 

pH 

66 

68 

— 

7 

68 


' Data from New Zealand Milk Products Inc 


manufacture, as well as to the need to alter specifications according to the 
requirements of the user The major dtlTcrenccs m composiuon of the abo\ e 
products arc in their mineral contents, which result from \-anaiions in 
processing treatments used to prcapitate and solubilize the caseins For 
example, casein products that retain colloidal phosphate hase higher 
calcium and phosphorus contents than those that have been subjected to 
isoelcctnc pH precipitation Also, the selection of the alkali solution used 
to neutralize the casein sol greatly alTccls the amount of that particular lOO 
in a caseinate product 

Casemates are valuable ingredients in many food applications because 
they arc completely soluble at pH values above 5 5 at normal 
concentrations Calcium caseinate forms stable colloidal dispersions rather 
than solutions in water Neutral pH solutions of sodium caseinate are 
stable to heating at lAO'C for ISmin, but the heat stability of calcium 
casemate dispersions is a funcUon of protein concentration and pH At 
concentrations above 4%, calcium caseinate dispersions are stable to 
heating at I20‘’C for I5min at pH above 7 Sodium caseinate solutions 
exhibit higher viscosities than calcium casemate dispersions under com- 
parable solution conditions, c g sodium caseinate sols form gels at 
concentrations above 17% but calcium casemate dispersions do not 
Sodium casemate is more cfTecUvc as an emulsifier, thickener and foaming 
agent and absorbs water more eflecUvely m wheat flour systems than does 
calcium caseinate Lactic casein absorbs less water than either of the 
above casemate ^^RennelcaseinissolubilizedatpH >9in the presence of 
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Ca^'‘’-complexing chemicals such as sodium tripolyphosphate The vis- 
cosity of the resulting solution of rennet casein is a function of the casein/ 
polyphosphate ratio, rennet casein dispersions at concentrations above 
1 5 % have mild gelling properties at temperatures around 25 ®C Viscosities 
of rennet casein dispersions undergo a gradual reduction with increasing 
temperature in the range 25~60®C Rennet casein dispersions are 
extremely sensitive to Ca^ concentrations of the order of 0 003 %, which is 
about 2 % of the original amount m native casein micelles Rennet casein 
dispersions are relatively heat-stable under appropriate pH and [Ca^'*’] 
conditions Rennet casein contains approximately 2 8% calcium and 1 4% 
phosphorus, derived mainly from (he colloidal phosphate of casein 
micelles, these are in about the same ratio as m milk Rennet casein, like the 
other casein and casemate products, exhibits satisfactory flavour stability 
when handled properly The flavour defects that develop m rennet casein 
are generally less objectionable than the gluey, musty flavours common m 
aged acid caseins and caseinates 

Casein and whey protein co-precipiiates, which contain about 10-20 % 
whey proteins,^* exhibit higher protein efficiency ratios, >2 7, compared 
with -*-2 5 for caseins and casemates Co-precipitates are produced to 
contain a range of calcium contents to provide variability in their 
physicochemical and functional properties Co-precipitates can only be 
dissolved at alkaline pH or in polyphosphate solutions The solubility of 
low-calcium co-precipitates resembles that of casein over a range of pH 
values but medium- and high-calcium co-precipitates require 
complexing agents, e g polyphosphates, to provide complete dissolution at 
neutral pH Water absorption values for the different co-precipitates 
exhibit considerable variability, e % from Ul to 345 gwater aWrbed per 
1 00 g protein, compared with vaJuesofl 15 for lactic casein and 295 and 159 
for sodium and calcium caseinates, respectively Only limited informa- 
tion IS available for physicochemical properties of co-precipitates other 
than that on water absorption in bread dough formulations 

3.4. Functional Properties of Caseins and Caseinates 
Caseins and caseinates contribute excellent nutritional value to food 
products but their pnncipal value m most foods is their funcuonal contnbu- 
Uons Functional properUes provided by caseins include water-bmding- 
absorption, fat binding, viscosity and gelation, whipping and foaming, 
emulsification and texturization They are important components m 
breakfast cereals, baked foods, comminuted meat products, whipped 
toppings, coffee whileners, desserts, instant breakfast bars and beverages. 
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puffed snacks and cheese analogues They arc also important 

components of commercial protein blends formulated from whey proteins, 
soy proteins, cereal and other protein sources for baking, frozen dessert 
and other food applications that normally use non fat dry milk or caseinate 
alone to provide nutritional and functional contnbulions Since much of 
the specific information on the use and functionality of caseins and 
caseinates has been developed by food companies, it is of a propnetary 
nature and not available in the literature 
Although early use of caseins and casemates in food products was 
primarily in comminuted meat products, newer applications have been 
developed in a number of food product lines, especially those that require 
excellent surfactant properties, c g coffee whitcncrs, whipped toppings, 
low-ca!one margarines and desserts Recent developments in cheese 
analogues utilize their unique textural properties that simulate those of 
processed and Mozzarella-type cheeses 
Caseins and casein micelles exhibit higher emulsion interface activity 
than native whey proteins^* and their excellent surfactant properties are 
probably due to the amphiphilic molecular conformation of the subunits 
that enables them to provide simultaneously both hydrophilic and 
hydrophobic groups at the od-watcr interface Further, it appears that 
the highly structured casemate and casein polymers possess the ability to 
dissociate! rapidly and emulsify fat globules during high pressure 
homogenization, as well as to protect air cells as they are formed in aerated 
food products ** 

The emulsification properties of caseinate and non fat dry mdk have 
been compared as a function of pH and ionic strength Casemate 
provides good emulsificauon under all pH and ionic strength conditions 
studied, e g from pH 5 6 to 10 4 and at ionic strengths up to 0 3 M, but 
was especially effective at the higher range of pH values Casein micelles in 
non fat dry milk exhibited better emulsification properties under all 
conditions studied but were most effeclive at the lower pH values It 
appears that pH influences the functionality of casein micelles in non fat 
dry milk by a different mechanism from that for casemates Acid pH 
treatment should disrupt the colloidal phosphate m the casein micelles, 
which would result m a profound alteration of their conformational state 
In addition, acid pH conditions should promote casein subunit 
polymerization * The effect ofehanging pH on emulsion stability would 
also bea factor in altering the electrostatic charge on dispersed fat globules, 
which would m turn influence adsorption of casein subunits, micelles and 
ions from the solution It is likely that the higher Ca^ ion concentration m 
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non-fat dry milk emulsion systems, provided by dissolution of the colloidal 
phosphate of the casein micelles, would alter the emulsification properties 
of the casein subunits and polymers 
The emulsification properties of caseinate m model emulsion systems 
containing added chemical emulsifiers varying in HLB number have 
provided additional information upon the interaction with other food 
components, on the functionality of milk proteins Caseinate exhi- 
bited variable emulsion stabilization properties under the influence of Ca^ 
ion concentration and added emulsifiers The presence of Ca^"^ and 
HLB 3-5 emulsifiers improved emulsion stability but added citrate ions 
reduced emulsion stability These findings indicate that ionic constituents 
and chemical emulsifiers result in significant alterations of functionality of 
caseinate and further confirm the need to define the experimental 
conditions used to evaluate protein functionality It is essential to 
investigate functionality of proteins in model systems that closely resemble 
the actual food system m order to obtain reliable and meaningful results for 
developing new or improving existing food products 
Sodium caseinate dispersed in NaCl solutions of ionic strength 0 2 at 
pH 7 exhibited higher emulsion stabilities when processed under low and 
moderate homogenization intensity-ume conditions than casemate dis- 
persed in distilled water, i e ionic strength 0, at pH 7 Comparable 
emulsion stabilities were produced at high intensily-time homogenization 
conditions for both caseinate dispersions Thus, it is important to control 
adequately the processing conditions employed to investigate the function- 
ality of proteins in order to obtain meaningful results The processing 
conditions used for model functionality studies must closely resemble those 
to be employed in formulating and producing the actual food product In 
addition, it is essential to include investigation of the influence of 
processing treatments upon the basic physicochemical properties of the 
protein system in order to be able to understand the fundamental basis for 
observed functionality performance and to gain the ability to predict the 
influence of other components, alteration of dispersing medium com- 
position and processing treatments upon the functionality of the protein 
system 

Cdsein-whey protein co-precipitates are especially useful in the for- 
mulation of breakfast cereal, snack and pasta products since their low 
solubility allows them to contribute characteristic textural properties to 
these products The flavour of co-precipitatcs is a concern and limitation 
to ihcir use in certain food products as they normally exhibit significant 
levels of Maillard and disulphide interchange reaction-type flavours 
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c„..on .0 h..h,y heated n.dh P" wC^; — 

commonly used in baked foods and cerc^p d 

numtional value without udyet^Kly ,s accomplished at 

above, improvementofthesolub^tyofcom 

alkaline pH and by addition P°'>'P''“P“‘“ _ ihat are dependent 
also be used to improve those PX‘'“ colprLipimes are 

upon solubility, such as emulsification and gela contribute to the 

bLg used in comminuted meat ‘ q, her food product 

water- and fat binding properties of the P™'" ^ and other food 
applications include dairy spreads, cultured dairy jasirable 

prLcts where they contribute viscosity, texture and other 

properties 

4. WHEY PROTEINS 

Cheese and casein wheys contain about 20 % ^ coSrablt 

their recovery and use in food products is ^ubj^ect f ^ 
interest throughout the developed nations of ^ ,,abi for a 

albumin, a highly heated whey protein product, ‘>“*^'" “''‘‘ ' 51 food 

number of years, it has limited solubility and newer 

applications Thus, the industry is giving “""“ cl s ate, such 

processes for recoveringthe whey proteins in a more ijin 

as in whey protein concentrates’ ® and more recently as y P 
isolates 

4 1. Commercial Whey Protein Products .coelectric 

Since undenalured whey proteins are not precipitated at jjon 

points, as are the caseins, it is necessary to resort to other fra 
techniques (Fig 2) to isolate them from whey, e g ultrafiltratio 
osmosis, gel filtration, or precipitation as polyphosphate or 
methylcellulose complexes’ Although "“""‘fbeen 

method of choice,” it too presents major limitations that have n 
resolved, e g membrane fouling, low flux rates, ““ „bial 

elevated temperatures with its associated problems due to m 
contamination and protein denaturation, and incomplete ,, |(,se 

molecular weight components Polyphosphate and carboxymethy 
—whey protein complexes exhibit limited functionality, especially 
dH 7 because of residual protein precipitant in the final product 
Since there are at present no standards of identity for whey p 
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I 

CASEIN or 
CHEESE CURD 


optional pretrftotmeni 
pH 7-8 


hoot 90-120 C 


pH 4 5 


SKIM MILK 


add pH 4 9 or 
rennat treotmani 

--- dfoin — ■ — I 

t WHEY 

T 

optionol pratraotmanf 

pH 7-S worm.clorify 
odd, pH 4 6 
FrocHonaM wtfft 

ultrafiltrotlon,^ectrodioly»is 

' ravaraa osmosls^ion exchonga 

gal filtrotion.protainpTBCipitonr 


cearnfuga 

1 


LACTALBUMIN 


CCPROTEINIZEO 
WHEY 


5proy dry 

1 

WHEY PROTEIN 
CONCENTRATE or 
ISOLATE 


Fig 2 Production of commercial whey protein products 


products, the term ‘whey protein concentrate’ is generally used to designate 
all whey protein products with increased protein levels over those in dried 
whey Additional terms used by the US Department of Agriculture are 
‘partially delactosed whey’, ‘partially demineralized whey’ and ‘partially 
deUctosed, partially demineralized whey’ Whey protein concentrates 
being produced and used by the industry commonly contain up to 50 % 
protein Thus, they obviously retain significant levels of residual lactose, 
milk salts and other non-protem components of whey that limit the utility 
of the product for use m foods Even though it is theoretically possible to 
produce whey protein concentrates with higher protein concentrations, 
even up to an isolate status, le 90% protein, such processes are not 
commercially feasible, mainly because of the disproportionately high cost 
of the extra purification effort Recent development of ion exchange 
processes indicate good promise for producing whey protein isolates with 
90 % protein content, but these processes have not yet attained commercial 

status ^2-34 

As indicated above, lactalbumm has been available for some lime for use 
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certam food products such as those hsted f- 
proteins 

components, e g p-lactoglobuhn and ’-'“'“’‘’“X’a^ount for unique 
case, ns reveals several key dtlferences “'■■ch probably amount to 
physicochemical and functional properties "““^;„“^Jac,ds and 

contain lower concentrations of prolinc and ^tions 

no ester phosphate or sugar groups, but they contain '”8^^ 
of sulphur^iontaining araino-acids and a more even the whey 

dilfcrent amino-acid types along their polypeptide chains . 

proteins lack the amphiphilic properties of the caseins and 
low prohne content, they exhibit a compact, Stobular conformatio 
with substantial helical content ” This latter property P'f f “"X, 
for their high susceptibility to heat processing „duced 

normally! cause protein denaluration, loss of solubility ana 

functionality * ^ p ♦ua.r oinhular 

Heal denaiuralion of whey proteins causes unfolding of tneir g 

structure to form a random coil conformation that »s ° , 

protein-proicm interactions, e g self-aggregation via Ca bridging, 
phidc interchange and hydrophobic bonding, as well and 

casein (m milk) via disulphide interchange * Although /?-lactoglo 
a-lacialbumm are capable of undergoing association-dissociaiion^pn 
mcna via hydrophobic and ionic bonding at low pH values, 
reactions arc of minor importance, since few food applications ° 
protein products occur at such low pH values Increasing protein an 
ion concentrations and exposure to elevated pH and temperature c 
ditions increase the probability of whey protein denaturation and 
ciatcd reactions that adversely afTcct their functionality In addilio 
heating, other processing treatments, c g pumping, mixing, ^ t 

vacuum evaporation and drying, further promote protein denaturatio 
It is, therefore, important to exercise care in handling whey pro 
products to retain maximum protein funclionahiy U has been 
straled, however, that controlled heating immediately before ^ 

uon into food product formulation improves the foaming proper 
of whey protein concentrates”” Such heat treatments 
functionality by promoting limited protein denaturation or by disrup B 



FUNCTIONAL PROPERTIES OF MILK PROTEINS 


387 


protein-hpid complexes, since it has been shown that residual lipids inhibit 
the foaming properties of whey protein concentrates and interfere with 
their gelling properties 


4.3. Composition and Properties of Whey Protein Products 
The composition of whey protein concentrates and lactalbumin (Table 4) is 
quite variable and dependent upon the particular whey source, e g acid or 
sweet whey, and upon the fractionation technology employed in their 
production, e g reverse osmosis and ultrafiltration, gel filtration, protein 
complex precipitation, etc As indicated above, processing parameters 
may be adjusted to produce whey protein products with up to 90 % 
but such modifications are accompanied by disproportionately high 
production costs 

Care is necessary to minimize protein denaturation during pre-heating, 
vacuum evaporation, drying and related processing steps in the production 
of whey protein concentrates, since concomitant protein-protein and 
protein-ion interactions reduce solubility and related functionality, espe- 
cially in the acid pH range or m the presence of moderate concentrations 
of Ca^ and other polyvalent ions ^ The extent of protein denaturation is 
normally assessed by loss of solubility at the isoelectric point (pH 4 5 )» 
by alterations in gel electrophoretic patterns * However, the presence o 
residual protein precipitant, e g metaphosphale or carboxymethylcellu ose, 
as with certain whey protein concentrates, interferes with assay techniques 
for determining both protein solubility and denaturation Commercial 
whey protein concentrates normally exhibit significant amounts of protein 
denaturation. For example, they commonly display solubilities at 
pH 3 5-4 5 of 24 to 93% and of 65 to 100% at pH 6-8 Experimental 
batches of whey protein isolate produced by ion exchange cellulose 
processings^ had only 35 % protein solubility at pH 4 5, indicating that this 
process, because of either high temperature or pH conditions, causes a high 
degree of protein denaturation 

Variations in the available lysine content of whey protein concentrates 
are useful in estimating their heat exposure history® since eating an 
storage at elevated temperatures promote Maillard-type reactions that 
produce brown pigments and impart characteristic off-flavours to w ey 
protein concentrates Values for commercial whey protein concentrates 
range from 4 5 mg/ 100 mg protein for eleclrodialysed whey protein concen- 
trate, to 9-9 5 mg/100 mg protein for whey protein concentrates prepared 
by metaphosphale and carboxymcthylcellulose precipitation 
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Buffer capacity data provide an indication of the types and concen- 
trations of the important ions that are retained in whey protein concen- 
trates ^ For example, calcium metaphosphate whey protein concentrate 
gives a buffer capacity-pH curve very different from that of sodium 
metaphosphate whey protein concentrate, presumably due to variations in 
the levels of these two ionic species Similarly, the buffer capacity-pH curve 
for electrodialysed whey protein concentrate is very different from that for 
whey protein concentrates prepared by ulirafiltration 

Whey protein concentrates contain sufficient residual Iipids and phospho- 
lipids, as well as Cu^'^ and other pro-oxidants, to be readily susceptible to 
development of gluey and related off-flavours during dry storage 
Storage under N 2 atmospheres, use of Cu^'^-complexing substances and 
anti-oxidants, results in some improvement but inclusion of an additional 
clanfication treatment to reduce the lipid content prior to concentration by 
ultrafiltration provides the most effective improvement in flavour stability 
As indicated above, removal of residual lipids is also important for 
improving foaming and perhaps other functional properties of whey 
protein concentrates 

Lactalbumin is a commercial whey protein product containing 80-82 % 
protein which has been exposed to considerable heat processing during its 
production The product has poor solubility and is therefore functional 
in only a limited number of food product types where solubility is not an 
important property Also, since the protein product has been exposed to 
such high heat conditions. It contains high levels of heat-induced Maillard- 
type pigments and flavour compounds which further restrict its use to those 
products that also contain or require these compounds Although the 
product exhibits good water absorption, it undergoes physical alterations 
during drying that irreversibly reduce its ability to re-absorb water 


4.4. Functional Properties of Whey Protein Products 
The functionality of whey protein concentrates and isolates has been 
investigated in model food systems of varying degrees of complexity, from 
simple solutions to complex systems that closely resemble actual food 
products Most applications require a highly soluble protein product with 
minimal levels of lactose, milk salts and other residual components from 
the original whey Additionally, the protein ingredient must contribute 
adequate nulnlional quality without adversely affecting the product’s 
flavour, colour and physical properties The proteins must also be com- 
patible with other components and processing requirements, 1 e it must 
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not adversely affect clarity, viscosity, texture, appearance, heat stabi ty 
and other important product . upon at least the 

The functionahtyofwhey protein products IS dependent P 

following complex factors (a) or sweet whey), 

proteins arising from whey sonrce and ° f„etiona- 

extent of protein denaturation and other ype n im mflnences on 

Ion techn'^alogy used and extent of proteiu^^^^^^^^^^ 

composition and physical properties of P pjoteins and their 

system of (i) the types and amounts of ions and other of 

compatibihty with whey proteins and (i.) user gums and 

inherent or added chemical emulsifiers, polysaccharide stab ^ of 

other components that may alter the Ph^"ica TuXorating 

:beytlterrd\;fo^lr^p=^^^^ 

ties are not as susceptible to fluctuations in pH as ate those of 

and soy proteins “ In addition to the above factors lha s 

control the general functionality of whey proteins, the ®of„bey 

must also be considered in evaluating the emulsification P^PP'™, . ip-y, 

protein concentrates, or other proteins (a) emulsification me 
e g high speed blending to produce a coarse emulsion or “8 P 
homogenization to form a finely subdivided liquid emulsion, ( ) P PP 
lions of dispersed and dispersion phases, (c) physical properties 
oil, e g solid fat index at the temperature of emulsification, (d) p 
ionic composition of the aqueous phase, (e) presence of chemica 
fiers and other proteins or food componenls that interact with a" 
physicochemical properties of the whey proteins, thereby * 

ability to unfold and adsorb at the emulsion interface, and (1 ) me 
procedure to evaluate the emulsification properues of the protein, 
microscopic, centnfugal or measurement of gross changes in viscos y 
electrical conductiviiy of each 

Since the source, composition and processing treatment history 
whey protein product to be evaluated for emulsification 
determines its physicochemical properties, it is essential that such in 
non be considered These factors can be evaluated by determining 
weight distnbution by gel filtraUon chromatography, gel clcctropho 
and other appropriate techniques If this information is not included 
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evaluation procedure, variations in emulsification performance of a given 
protein product merely reflect differences in the processing history of the 
protein rather than the important issue, i e. intrinsic emulsification 
properties of whey proteins in the food product 
As with emulsification properties, the whipping/foammg properties of 
whey protein products are affected by a number of compositional and 
processing vanables that include pH, Ca^'*’ concentration, redox potential, 
residual lipid content, protein solubility as influenced by whey com- 
position, heat treatments, fractionation technology, drying conditions and 
the use of additives, e g phosphates, oxalates, chemical surfactants and 
sugars ® In addition to the above factors, it should be emphasized that 
conditions employed during the whipping/foaming operation with respect 
to protein concentration, temperature, viscosity, time-mtensity of whip- 
ping, type of whipping equipment and others are extremely important in 
obtaining a rehable assessment of the foaming properties of whey protein 
concentrates For example, in addition to controlling the total solids of the 
final formulation, it is also necessary to determine the actual protein 
concentration, since the protein level is quite variable among the different 
whey protein concentrate products Also, the presence of high lactose levels 
would undoubtedly interfere with the foaming functionality of the whey 
proteins Before the protein can function to stabilize foam cells, it must be 
in a soluble form Thus, the above discussion concerning the proper 
processing conditions and methods of assessing denatured and soluble 
proteins is also appropriate for this consideration Processing of whey 
protein products must include adequate clarification to remove effecUvely 
residual iipids which interfere with foaming function of the protein It 
appears that whey protein isolates that contain 95 % protein, 3 % ash and 
0 5 % fat perform much better in foaming experiments than whey protein 
concentrates that contain 58 % protein, 4 % ash and 5 % fat The role of 
the proteose-peptone whey fraction in supporting whey protein concen- 
trate foams IS sliil uncertain Results for deproteinated whey suggest that 
these peptide fractions are capable of contributing significantly to the 
foaming properues of whey protein products 

Whey protein concentrates and isolates are capable of forming heat- 
induced gel structures under appropriate protein concentration, pH and 
ionic conditions ® ** Heat-induced gels result from the formation 

of a three-dimensional protein-protein structure that physically entraps 
most of the free water ® The gelation properues of the proteins arc 
influenced by a number of factors (a) type of whey (sweet or acid) which 
affects lactose and ionic composition of the whey protein concentrate, (b) 



392 


C V MORR 


treatments, (c) protem/lactose and PJ ' produce the gel 

cystine concentrations, (e) processing Q,i 3 uon temperatures of whey 

ald(f)pHofthesystembetnginvest.g.mdG^^^^^^^^^^ 

protein isolates range from 56 1 tnnnemess of the resulting gels 

Lwaterholdmgcapaaty,hard„essandspnngmesso^ 

compare quite favourably with those for egg P „oondiUons, 

ZZrs thltwhey proteins can, under "s,butthe 

be used to produce gels that compare f^^wh n ot m/lactose ratios will 

useofwheyprotemisolates^^^ 

probably be required to produce gels wiin u --otein concentrates 
The relatively poor performance oontents and the 

mbakedfoodapplicationsisprobablyduetoh g ^ Reduction of the 

inability of whey proteins to form firm gel structur ^ „bey 

lactose content and the degree of heat processing to produ^ej^^^^^^l^ 
protein denaturation has resulted Tipids^flour proteins, 
of whey protein concentrates in cake formulations L p ■ . the 

starch and other ingredients of the P'^fjo'^form^ble, heat- 

functionality of whey proteins in terras of ‘heir ability o for „„ 

coagulable foam structures aseffectively “ egg^hite p oleins c 
of the physicochemical properties of whey proteins with 
albumin is useful in attempting to replace the latter Pro'eme Jjioentra- 
products “ For example, knowledge “f ‘he P'f^XnaUons 

non, minimum coagulauon temperature, influence ofhP ’ _ ; „bey 

m tie amount of whey protein components among the different^^^ 
protein products is necessary to understand ‘h= basic p,g„,te 

utilize successfully whey protein products in hehed food p concentrate 
improvement in the functional performance of whey Pro^ein c^ 
was obtained by incorporation of a chemical ^'‘rlaetant 
removal of residual whey lipids by an addilional clariflcatio 
elfectwely improved the functionality of whey protein 

mermgue products” but failed to mduce a sirnilar improvement m b 

product formulation Whey-based protein blends have been 
replace non fat dry milk in baking applications Such fo 
usually contain caseinates, whey solids and soy P^^^f JJ- no„. 
proporuons to simulate successfully the functional contnbutions 

fat dry milk solids _ -,,tntional 

Th?re has been some interest in the use of whey proteins for -lutnt 
fortification of soft drinks, many of which are “'honated 
particular application requites that the whey proteins and their 
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components remain completely soluble at low pH and m the absence of 
other substances normally present in foods that stabilize against precipita- 
tion and settling 

Other examples where whey proteins and their commercial products are 
commonly used in food formulations include baby foods, dietetic and 
therapeutic applications and cereal product nutnfication 

It is clear from the foregoing considerations that whey protein products, 
i e concentrates and isolates, that contain sufficiently high protein 
concentrations in a predominantly undenatured form, with minimal 
lactose and Iipid contents, are highly acceptable and functional protein 
sources for the food industry These products should be competitive with 
other major protein ingredients, e g caseinates, soy and egg protein 
products, for numerous food applications, assuming that they become 
more economically attractive 


5. MILK PROTEIN MODIFICATION 

Protein modification usually refers to physical, enzymatic and chemical 
treatments that alter primary and quaternary conformation and structure 
and related physicochemical and functional properties The subject of 
protein modification has been broadly reviewed^ and critically con- 
sidered,*^"*® and has attracted extensive research interest over the years 

5.1. Processing Treatments 

A number of commonly used processing treatments are employed to alter 
the physicochemical and functional properties of milk proteins in food 
processing * Some of these alterations arc desirable but others are not, e g 
those arising from excessive heat treatments, use of alkaline pH values and 
drying The important processing treatments and their effects upon milk 
are summarized in Table 5 

Cheftel*^ has reviewed the infiuence of processing and storage of food 
proteins on changes in their chemical and nutritional properties It is likely 
that exposure of milk protein concentrates and isolates to similar adverse 
processing and storage conditions causes similar modifications in their 
physicochemical and functional properties It is for these reasons that 
extreme care is needed dunng the isolation, storage and use of milk protein 
products to minimize such adverse modifications that reduce their general 
and functional properties (see Tables 1 and 2) 
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TABLE 5 

MOPmCATlON OF M.LK PROTON^ 


Process maiment 
Heating 


Protein modification 


Acid pH 

Ionic adjustments 

Rennet treatment 

Microbial proteases 
Light exposure 
Peroxide treatment 


Whey protein dcnalurauon ph casein 

AssKialion of eoHoidal phosphate wttn 

Agp^anon of easein nticelle/dcnatured whey protem 

MTa&ning from interaction of e-lysme and 

Fomatfon of cooked flavonr from reactions of 

oiie;?' of'^" f™- 

PrS'iptSion of caseins and den atured 
Conformattonal modification of teins 

Stabitolion of milk fat globule membrane pro 
against feathering in coffee cream 
Alteration of heat stability of casein micelle m P 
orated and sterile milk of casein 

Alteration of physical thickening (gelation) oi 
micelles in sterile milk concentrates 
Hydrolysis of K-caseins 105-106 P!P^ . .y of casein 
para-K-cascin and alteration of slab y 

Curd formation in cheese and rennet casein manu 

Non-sJSrficprotemhydrolysisdurmBchee^n^^^^^ 

Hydrolysis of caseins to produce desirable 

flavour during cheese ripening „ ^rhev pro- 
Pbotopolymcnzation and degradation o y 

OxSaiion of sulphur-containing amino-acids m whey 
proteins 


^Th'; «utme„ts or. protetns urtd the rcsulttng a— 

chemical, physical and nutritional properties has been 
Fncdman ■“ *’ Such treatments catalyse raccmizauon, ^hmmal . 
mo7s.hnkmg of amtno-aetd residues tn prole, ns In m.lk P™^’ 
ehminauon reaction mvohes ammo-aetd residues with -OH. 



FUNCTIONAL PROPERTIES OF MILK PROTEINS 


395 


— OPO 3 H groups'*® with the formation of lysmoalamne The levels of 
lysinoalanme in commercial milk products and casemates range from 0 to 
6800 ppm Both intramolecular and intermolecular cross-links, which 
are not susceptible to digestion, are formed, thus resulting in alteration of 
the physicochemical properties, lower digestibility, reduction of nutritional 
quality and in some cases even in the formation of toxic factors 

5.3. Peroxide Treatment 

Certain protein products are subjected to hydrogen peroxide or benzoyl 
peroxide treatments, e g dunng the ‘cold pasteunzation/stenlization’ 
of milk and whey, or dunng bleaching as m breadmaking These 
treatments cause oxidation of methionine and cystme/cysteine groups 
For example, whey proteins are quite susceptible to a combmation 
of peroxide (0 1-1 0%) and heat (<54°C) treatments'^ which cause 
complete destruction of ^-lactoglobulin sulphydryl groups, all whey 
proteins undergo substantially more heat alteration on heating at 54 °C m 
the presence of hydrogen peroxide than w control heated samples 

5 . 4 . Enzymatic Modification 

In addition to the above-mentioned use of rennet for the specific 
modification of K-casein to form rennet casein or cheese curd, there is 
considerable interest in utilizing other proieinases to modify milk proteins 
The application of proteolytic enzymes to alter the solubility and 
functionality of proteins has been reviewed ^ Extensive enzymatic 
hydrolysis of casein usually results in the production of bitter peptides 
which appear to contain high proportions of hydrophobic amino-acid 
residues, whereas limited casein hydrolysis products are not bitter The 
bitter peptides may be removed from casein hydrolysates by any of several 
techniques Perhaps the most significant technique is the ‘plaslein’ reaction 
which involves treatment of casein hydrolysates with a-chymotrypsin to 
produce insoluble protein polymers with improved flavour Bitter 
peptides may also be removed from casein hydrolysates by treating with 
Duolite S-76l,®° hexylepoxy-Sepharose, LH Sephadex or activated car- 
bon These latter treatments reduced the aromatic amino-acid conlent of 

the hydrolysates from both skim milk and casein 

Enzymatic hydrolysis has been employed to improve the solubility and 
funclionaUty of whey proteins*^®’ It appears that although these 
treatments result in substantial resolubilization of heat-denatured whey 
proteins, they are of only limited value for improving functionality 
Commercial casein hydrolysates are used in sweets, whipped toppings and 
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oth«fcodproduo.apphcat,.„s>’^n.yma..chyd^ 

lh=.r daphosphorylalion or Pho^Phorylatron by traatracn 

pha.asesLdb,nases«Suchmod,ficau^^^^^^^^^^^^ 

casern solubility m the presence of Ca , as well as oi 
and electrophoretic properties 

5.5. Chemical Modification for manipulation 

Chemical modification of food proteins olTers P°^"“'/ ,,c’^„on5 ’ 

of their physicochemical and functional properties for W' ,1, 

Although chemical modification of a sort, I e ^ years, 

sodium, calcium and potassium salts, has P has not 

chemical detivatization of ammo-acid residues m P ,a„(;e of 

been commercially attempted Perhaps the 

industry to nsk production of a potentially P'° h L reduced 

responsible for this lack of interest Other adverse ^„d 

protein digestibility and nutritional quality due ^ of 

destruction of essential amino acid residues, contribute 

Even though a number of nucleophilic groups on protein “,5^ 

potentially susceptible to attack and der.vatization by ^ f^yon 

theptmcipalreactionsitesarethca-andc-aminogroups The J 

reactions replace cationic ammo groups with neutral or ^oni! 

thus altering the electrostatic charge on the protein and ® ^ 

dissociation, loss of helical and globular structure, *°'““‘"ed 

decrease in isoelectric point and a reduced tendency to heat-in 

gelation and coagulation ’ f„t,«mical 

Selected references are included to illustrate the possibilities otchtm 
modifications for improving the funcuonahty of milk proteins Sucemy 
lion of heat precipitated whey proteins at pH 8 results in , 

increase m water binding, viscosity and emulsification properties with 
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apparent loss m nutritional quality Although no work has been 
conducted to determine the toxicity of such derivatized proteins in humans, 
a similar acylated protein, acetylated casein, exhibited no apparent toxicity 
when fed to mice Other researchers have reported that the succinyl-lysyl 
bond m modified proteins is resistant tomtitro hydrolysis bytrypsm but 
not by chymotrypsin Acylated caseins and whey proteins exhibit good 
solubility down to pH4 4 and are considered suitable for use in carbonated 
beverages Although rats survived on diets in which most of the protein 
had been acylated, PER values were substantially lowered Thus, it appears 
that such proteins warrant further investigation before they can be used in 
human food products 

Other researchers have tnfiuoroacetylated K-casein and thereby altered 
its ability to stabilize a,-casein in the presence of Nitration of 

tyrosyl residues of k- and a,i-caseins reduces their abilities to complex but 
does not alter the calcium sensitivity of otsj-casein Esterification of the 
carboxyl groups of a,- and ic-caseins with glycine methyl ester decreases the 
calcium sensitivity of Kj-casem and inhibits the ability of K-casein to 
stabilize as*casein in the presence of calcium ions Dansylation of k- 
casein inhibits the ability of rennet to form a casein curd 
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Acetylgalaciosammyl, 145 

W-Acetylneuraminic acid, 21 

Acid casein, 316-26 

Acid glycoproteins, lOl 

Acid proteases, 158-60, 168 

AddiUves, 242, 265 

Adsorption process, 343, 361-2 

Affinity chromatography, 102, 275 

Age-thickening, 258 

Agitation eS'ects, 193 

Alcohol stability, 246 

Aldehydes, 204 

Alginates, 198 

Alkali treatment, 394 

Alkaline phosphatase, 106 

Alkaline urea-gel electrophoresis, 13 

Amino-acid 

carbon interrelationships, 124 
composition, 88, 105 
residues, 90, 95 
sequence, 88 

Amino-acids, 274, 277, 278 
analysis, 297 


caserns, m, 301 

catabolism of branched-chain, 122-3 
comparison of uptake with output m 
milk protein. 1 1^21 
essential, 117, 119-26, 293, 307 
Groups 1 and 2, 123. 126 
hjdrophilic nature of. 117 
intracellular metabolism. 12I~* 


Amino-acids — contd 

limitauon of protein synthesis, 124-/ 
mammary uptake of, 1 16-17 
neutral, 118 
nitrogen contents, 294 
non-essential, 117, 119-26 
scoring pattern, 297 
sulphur, 302, 346 
transport systems, 117-19 
whey proteins, m, 302 
fi-Amino groups, 213 

o-Ammoacetophenone, 333 
Ammoacyl-tRNA, formation of, 133 
Ammoisobutyric acid (AIB), 118 
Ammopeptidase, 273, 274 
Amino-terminal sequence 

/J-casem isolated from milk, of, 1^ 
/J-casein Isynthesized in absence of 
membranes, of, 1 39 
/J-casein synthesized in presence of 
microsomal membranes, of, 140 
Ammonium casemate, 332 
Amylase, 103 
Amon exchange, 349 
Antibiotics, 231 

Arteno-venous concentration (AV) 
difference method, 116, 119. 

122 

Aspartate protcinascs, 161 
Assay conditions, 193 
Attntion drying, 324-5 
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Baby foods, 393 

Baked food applicauons, 392 

D,L'Benzoylargimne-4-nJtroarnlidc 

(d,l-BAPA), 276-8 

D,L*Benzoyl-lysjne-4*nitroandidc 
(d,l-BLPA), 276-8 
Bifidobacterium bifiduiu var. 

pennsylianicus, 101 
Biosynthesis, 115-56 
Blood 

precursors of milk proteins, 116 
scrum, 106 
serum albumin, 96 
Boiling, 229 
Bos, 87 

Bos indicids, 87, 95 
Bos laurus, 87, 95 
Bovine milk, 104, 341 
Bovine serum albumin, 341 
Bromelain, 167 
BubaJus bubaUs, 95 
BulTalo, 89, 90, 93, 107 


Calcium, 108, 299 

Calcium casemate, 214, 331, 380 

Calcium-caseinaie-phosphate complex, 

Calcium hydroxide, 331 
Calcium ions, 44. 67, 172 
Calcium phosphate, 172 
precipitation, 213, 220 
Calcium stability, 248 
jw-Carageenan, 198 
Carboxyl bond, 160 
Carboxymethylcellulosc, 384, 387 
Carboxypeplidase A, 71, 167, 171 
Casein, 2, 108. 146, 244, 298-302. 375 
acid, 316-26 
ammo-acid pattern, 301 
association of, 62-8 
commercial products, 379 
composition and physicochemical 
properties, 379-81 
conformational models of subunits, 
377 

flavour problems, 333 
fractionation, 10, 15-17 


Casein — conui 
functional properties, 381-4 
functionality of, 377-84 
genetic vananis, 2-5 
hcat-induccd changes, 214-16 
industrial applications, 334-5 
lactic, 316, 331, 380 
manufacture of, 315 
non-specific attack by acid proteases, 
168 

nutritional value, 333 
physicochemical properties, 40-4 
377-8 

precipitation and rcsolubihzation, 
378 

rennet, 326-8, 380 
rennet-treated, 378 
a-Casem. 10 
a, -Casern, 280, 299 
proteolytic degradation, 284 
«j0-Casem. 10, 18. 61 
(3r„-Casem, 2, 5, 10. 13, 15-18, 20, 22, 
26-9, 40. 44. 50, 61. 62, 63, 66, 
68. 70, 79. 80.89. 142,168,171, 
172. 176. 199. 397 

*^-Casein. 2. 5. 10. 13, 16. 17, 20, 29, 
44.61,64.68. 80, 90, 198-9, 
255, 273 

«^-Casein, 61, 397 
61 

a^-Casein, 61 

/?-Cascm. 2, 5. 10, 13, 15-18. 20, 22, 
23, 29-33, 42, 44. 50, 65, 66, 68, 
70, 79, SO. 90, 91, 130-31, 
138-40, 142, 168, 172. 176, 199, 
254. 255. 272, 273. 274, 280, 

299, 300 

proteolytic degradation, 282-4 
y-Casein, 13. 16. 18, 90, 91, 254, 282, 
299 

y Casein peptides, 274 

Jc Casein, 2, 5, 10. 13, 15-18, 20-2, 

33-6, 43. 50, 66-71, 75, 79, 80. 
92. 145, 160, 162, 164, J68, 170, 
172-5, 178, 179, 183, 198, 
2J6-18. 244, 245, 255. 262, 299. 

300, 326, 386. 395, 397 
hydrolysis of, 162-5, 221 
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K-Casem — contd 
protease action, 165-7 
proteolytic degradation, 284 
see also Para-K-cascin 
A-Casem, 10 
Casein dissociates, 107 
Casein fractions, 13 
definitions and characteristics, 5 
quantification of proteins in, 17 
separation of proteins, 5-10 
Casein glues, 334 

Casein micelles, 107, 171-5, 244, 245, 
375 

aggregation and dissociation of, 
215-16 

bioassembly in mammary tissues, 
81-2 

calcium<ontaining, 299 
changes in, 259 

critique of published models, 

78-81 

disaggregation, aggregation and 
microstructure, 249-52 
dissociation during cold ageing, 
279-81 

modification of surface properties, 
263-4 

natural, 68-71 

non-enzymatic modificauon of, 264 
serum protein free, 196 
stabilizing forces, 72-5 
structure of, 66 
submicellar structure, 79 
synthetic, 72 . 

Casein submiccllcs molecular weight ol, 
67 

Casemates, 330-3 
bland-flavoured, 331 
commercial products, 379 
composition and physicochemical 
properties. 379-81 
cmulsilicaiion properties, 
food applications. 380 
functional properties. 381-4 
funclionaluy of. 377-84 
Cation exchange. 349. 365 
CciUriNshcy process. 345. 365 
Ccrcbrosidcs, 103 


Ceruloplasmin, 102, 306 
Cheese 
curd, 395 

manufacture, 279, 298, 308 
ripening, 285 

whey protein recovery, 345 
Cheesemakmg parameters, 281 
Chemical modification processes, 396 
Chemical score, 297 
Chemical stenlization treatment, 231 
Chymosm, 158, 160, 164, 168-70, 174, 
178, 326 

Chymotrypsm-likc enzyme, 272-3 
Clotting reaction, 175-8 
C — N bond, 160 

Coagulation 

charactenstics, 190 
mechanism, 218-22 
time, 271 

Coat-core models, 79 
Cold ageing, 279-81 
Colloidal calcium phosphatc(CCP;, ol, 
199-200, 213, 218 
and Its association with casein, 


76-8 

concept of finely divided, 80 
degradation of, 68 
effects of content, 72 
Colloidal dispersion, stability of, 73 
Colloidal phases, 195 
Column chromatography, fractionation 
and identification by, 15-18 
Concanavahn A. 147 
Conccnlralion effects, 207 
Condensed milk, 230 
Co-precipiialcs, 328-9, 346, 375, 381, 
383, 386 

Corticoslcroid-bindingglobulin (CBG), 
102 

Co-iranslaiional covalent 
modifications, 144 
Cow milk, 92. 93. 96, 98. 101-3, 

105-7. 303. 309 


Curd 

firmness, 279, 281 
formation. 271. 316 
y:paration. 322 

C)clic condcnicd phosphates. 242 
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Dehydration, 210 
Demineralization, 342, 347 
Dephosphorylation, 214, 221, 396 
Detergents, 197 
Dietary aspects, 307-10 
DLVO theory, 74, 75 
Dog milk, 90, 93, 98, 107 
Drying, 324-5 


EDTA, 173 
Electrodialysis, 347-9 
Electron microscopy, 175 
Electrophoretic techniques, 89, 96, 106 
Elongation cycle, 133 
Endoplasmic reticulum, 150 
lumen, 134-43 
membrane, 137 

translocation of presecretory milk 
proteins across, 142-3 
Endoproteinases, 274 
Endoihia parasiuca, 158, 159, 170 
Enzymatic coagulation, 154-8? 
kinetics, 17S-82 
primary phase, 158-71 
secondary phase, J71-S2 
Enzymatic hydrolysis, 395-6 
Enzymatic modihcation, 395 
Enzyme 
actmiy, 246 
treatment, 242 
Enzymes, 103-7, 272-3 
Escherichia call, 305 
Ethanol stability, 246 
N Ethylmaleimide (NEM), 197, 205 
243 

Exocylosis, 145-7 
Fat, 206 

Fat globule membrane proteins 
(MFGM), 87 

Fermentation properties, 271 
Ficm, 167 

Flavour problems, 333, 383 
Flory’s entropy of dilution factor. 75 
Foiate-bmding proteins (FBP), J02 
Food ingredients, 375-99 


Food protein products, general and 
functional requirements, 376-7 
Forcwarmmg, 204-6 
Free energy changes, 264 


Galactosyltransferase, 52 
Gangliosidcs, 103 

Gel electrophoresis, identihcation of 
jjulk proteins by, 12-14 
Gel electrophoretic patterns, 221 
Gel filtration, 343, 360-1 
Gelatin, 275 
Gelation 

additives, eifect of, 242 
composition of milJc, clTccl of, 241 
empirical approaches to protection 
against, 264-5 
enzyme hypothesis, 261 
enzyme treatment, effect of, 242 
factors afTecting, 236-44 
heat treatment effects, 236-8 
homogenization, effects of, 239 
mechanisms of, 260-4 
nature and occurrence of, 234-6 
non*enzyma(ic basis, 262 
proteinase hypothesis, 260-2 
quality of milk, effect of, 241-2 
retort sterilized evaporated milk, of, 
257 60 

sequence of operation, effect of, 239 
storage temperature, effect of, 243-4 
total solids, effect of, 241 
Genetic variants, see Species variations 
Glues. 334-5 
Glutamic acid, 88 
y Glutamyl transpeptidase, 118-19 
Glycomacropeplide (GMP), 169, 172 
Glycoprolein-fl, 101 
Glycoproteins, 305, 306 
Glycosylation, 37 
A7-Glycosylalion, 143, 144 
O-Glycosylation, 143-5 
Goat 

caseins, 89 

milk, 90, 92, 93. 98. 101, 102 
Golgj complex, 135, 145, 146 
Golgi vesicles, 81, 82, 145-7 
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Grinding, 324-5 
Guinea pig, 107 
Gums, 198 


Hamaker coefficient, 73, 74 
HAP (hydroxyapatite), 76-7 
Head-space composition effects, 193 
Heat coagulation time (HCT), 1 90, 21 1 , 
212 

pH curves, 191-203, 206, 209, 

216-20 

Heat-induced coagulation, 189-228 
Heat stability 

definition and measurement, 189-90 
effect of processing operations, 
204-10 

influence of composition, 191-210 
influence of pH, 191-204 
Heat stability characteristics. Type A or 
B, 194-5 

Heat stenlization, 231-2 

Heat treatment, effects on protein, 


244 

High temperature heating effects, 

211-18 „ 
High-temperature short-time (HTST) 
sterilization, 223, 232, 235, 238, 
241,243, 262-3 
Holtcr approximation, 180 
Hotter relationship, 182 
Homogenization, 206, 239 
Hormonal induction of specific 
messengers, 127 
Horse milk, 93, 98, 101, 107 
Human diet, 307-10 
Human milk, 91, 92, 93, 96, 98, IW. 
101, 102, 103, 105, 106, 107,296, 
302, 303, 305, 309 
Hydration changes, 221 
Hydrodynamic data, 43 
Hydrodynamic properties. 41, 45, 4b, 


49 

Hydrogen peroxide, 231 
Hydrolysis of K-casein and related 
substrates, 162-5, 221 
Hydrophobic interactions, 42 
^-Hydroxyisobutyrate, 123 


Immunoglobulins, 12,87,96-98, 147-9, 
301, 306, 341 

Immunological cross-reactivity, 88 
Immunoprecipitales of m iitro 

translated ovine /1-casein, 138 
Infant formulae, 309 
Insulin, 160, 161 
Internal structure model, 79 
Intcr-species differences, sec Species 
vanations 
lodacctamide, 243 
Ion-exchange, 347, 348, 385 
chromatography, 16, 274 
Ionizing radiation, 230-1 
Iron-bindmg proteins, 305 
Isotonic points, 21 
Isovalcrate, 123 


KCNO, 203-4 


a-Uctalbumms, 2-5, 1 1,14, 17, 22, 
37^0, 49, 52, 94-6, 142, 146, 
301, 304, 341, 354, 362-5, 385, 
386 

Lactate dehydrogenase (LDH), 105 
Lactaimg gland, nitrogen metabolism 
m, 124 

Lactation, stage effects, 194-5 
Lactic casein, 316, 331, 380 
Lactofernn, 87, 98-9, 305 
fl-Lacloglobulin, 2, 5, 11, 13, 17, 18,22, 
23 26,37-40,44-9,70,87,92-4, 

146, 165, 196, 200, 209, 244, 245, 
toi . 303. 304. 309. 341 , 354, 386 


acid region, 45 
alkaline region, 48 
isoelectric region, 47 
secondary structure, 49 
tertiary structure, 49 


Lactolhn, 306 

Lactoperoxidase, 103 

Lactose, 202, 342, 347, 349, 350, 392 

Light scattering technique, 62, 175 

Lipoprotein lipase, 106-7 

Lysine, 275, 387 

Lysozyme, 103, 105, 176, 306 
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Maillard-type rcaclion, 213-14, 250, 
263, 387 

Malale dehydrogenase (MDH), 105, 

106 

Mammary blood flow (MBF), 110-17 
Mammary gland development, 129-30 
Mammary microsomal membranes, 138 
Mammary tissue, bioassembly of casein 
micelles, 81-2 

Mammary uptake of ammo-acids, 
116-17 

Manganous sulphate, 242 
Messenger RNA, 127-33, 143 
^-casein, 131, 139 

isolation and characterization of milk 
protein species, 129 
milk protein levels during mammary 
gland development, U9-30 
ovine mammary, 139 
polynucleotide sequence, I33 
regulation of casern synthesis and 
turnover, 130 

steroid hormone modulation of casein 
levels, 131-2 
Metaphosphate, 387 
A-Methylaminoisobutync acid 
(McAlB), 118 
Methylmalonate, 123 
Micellar hydration, 218 
Micellc-associatcd enzymes, 277 
MichaeliS constant, 179 
Michaclis-Mcnien equation, 179 
Michaclis-Mcmen kinetics, 'no 
Michaclis-Mcnicn mechanism. 178 
/?j-Microglobulin. 87. 100 
Milk 

enzymatic coagulation, sie Enzymatic 
coagulation 

heat-induced coagulation, see Heat* 
induced coagulation 
overall composition, 2 
protein composition. 2 5 
protein modification. 393-7 
Type A and B stability 

characienstics, 200-1 205 212 
216.218,219 

Milk components. cUssiRcaijon of. 291 
Milk proteinase 1 275 


Milk proteinase 11, 275 
Milk proteins 
biosynthesis of, 81 
blood precursors, 1 16 
chemistry of, 1-59 
composition of, 298-306 
compositional and sequence 

differences of different species, 
89-107 

co-iranslationa) and post- 
translational covalent 
modifications, 143-5 
functional properties of, 375-99 
gene frequencies of polymorphs, 5 
homology, 88 

identification by gel electrophoresis. 
12-14 

mier*species comparison, 87-114 
isolation methods, 5-12 
nomenclature. 88 
non-bovme. 88 

physicochemical characteristics, 
40-52 

post-translational modifications as 
related to primary structure, 
36-7 

po$t*iransiational reactions 
influencing, 89 
primary structures, 26-40 
secretion by exocytosts via Golgi 
vesicles, 145-7 

secretion of non-specific, 147-9 
signal peptides of presecretory, 
137-43 

see also Caseins, Whey proteins, etc 
Mineral balance, 245, 249 
Molecular weighl-timc course, 180 
Monophosphate, 242 
Mouse milk, 95 
mRNA, see messenger-RNA 
Mucor 158. 170-1, 327 

Mucor pusillus, 158, 327 

4-’NitrojniIide, 277 
Nitrogen 

contents of amino-acids. 294 
distnbuJJon, 253 

metabolism m lactating gland, 124 
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p-Nitrophenyldlanme, 163 
Non-protem nitrogen (NPN) release, 
170 

Nutritional aspects, 289-313 
in human diet, 307-10 
questions concerning, 292 
Nutritional value, 333 
biochemical evaluation, 294-8 
biological evaluation, 298 
evaluation methods, 294-8 
meaning of, 292 


Objective heal stability assay, 190 
Orosomucoid, 101 
Orthophosphate, 252 
Oxidation/reduction reactions, 259 


Papain, 167 

Para.K-casein,33,35,75, 163, 166, 169, 
175, 176, 255, 262 
Pasteurization, 229 
PCMB, 243 

Peniallium jantluuellum, 159 
Penicillopepsin, 159 
Pepsin, 169, 170, 326 
Pepsinogens, 158 
Peptides, 23, 160, 162-4, 166 
Peroxide treatment, 395 
pH effects, 2, 10, 11, 12, 15-17, 20, 
43-8, 63, 66, 159, 164-6, 176, 
182, 189, 191-204,208-13, 216, 
220, 275, 316-18, 332, 346, 350, 
352, 359-65, 375, 378, 380-3, 
386, 387, 396-7 
Phenylalanine, 163, 302 
Phcnylihiohydantom (PTH), 139 
Phosphate, 108 
prccipiialion, 359-60 
Phosphohydroxyamino-acid, 145 
Phospholipids, 103 
Phosphorylation, 396 
0-Phosphorylalion, 143, 144 
Pig milk. 93. 98. 102, 107 
Plasminogen, 275 
Polycaiions, 177 


Polypeptide chains, 87, 204, 250 
assembly on nbosomes, 132-4 
initiation of, 133 
termination of, 134 
vectored transf^er into endoplasmic 
reticulum lumen, 134-43 
Polyphosphate precipitation, 343 
Polyphosphates, 242, 265, 384 
Potential energy curve, 75 
Pre-heating, 204-6 
Pre-mRNA, 127 
Preservation methods, 229-30 

Processing treatments, 393 

Prolactin, regulation of casein mRNA 
synthesis and turnover, 130 
Proportionality coefficient, 73 
Protease action of tc-casein, 165-7 
Proteases, 162, 167 
immobilized, 169-71 


Protein 

breakdown, 252-7 
concentrates, 333 o 

content and composition, lu/ o 
Proteinase 1, 276 
Proteinase II, 276 

Proteinase hypothesis, 260 

Proteinase inhibitors, 272-3, i/o-? 
Proteinases, 246, 254-6, 272-3 
Proteinaies, 330-3 
Proteolysis 

during cold storage, 281-0 
products, 215 c 

technological significance of, 284-0 
Proteolytic activity, 273-4, 277 
Proteolytic degradation 
a^-casem, of, 284 
fl-casein, of, 282-4 
K^;asem, of, 284 
Proteolytic enzymes, 277, 3yo 
Proteolytic processing, 144 


Rabbanalk, 90, 95. 98, 101 107 
Radiosequcncc analyses, 1 38 

Raw milk, 102, 107, 229 
changes during storage, 2iy 
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Raw milk — conid 
cheesemakmg properties, 2ol 
storage, 271-88 

Recombinant DNA techniques, 150 
Red deer milk, 93 
Release factor, 134 
Rennet 

casein, 326-8, 380, 395 
coagulation, 260-1 
coagulation time (RCT), 248, 279, 
281 

Rennet-treated casein, 378 
Rennet-treated milk, 248 
Renneled micelles, 176, 177 
Renneting reaction, 175 
Renmn, 326 

Retort sterilization, 231-4 
Reverse osmosis, 365 
Rhesus monkey, 107 
Ribonuclease, 103, 104 
Ribosomes, polypeptide chain assembly 
on, 132-4 
RNase, 105 

Roller-drying, 344, 365 


Secretory component (SQ, 87 
Serum factors, 195 
Serum protem-free casnn micelles 
(SPFCM), 196, 197 
Sheep milk, 90, 92, 93, 98, 101 
Shelf life, 233, 264 
Signal hypothesis, 135 
Sodium casemate, 380, 383 
Sodium dodecyl sulphate (SDS), 65. 
139, 197 

gel electrophoresis, J03 
Sodium sihcale, in glues, 335 
Soft dnnks, 392 

Solids non-fat (SnF) content, 205 
Soluble salts, 200 

Species vanations, 2-5, 89-107, 194, 
289 

see also under specific species 
Sphcrosil process, 361-2 
Spray-drymg, 331-3, 344, 365 
Subiliiy characierisUcs, Types A and B, 
200-1, 205, 212, 216, 218. 219 


Starch-urea gel electrophoresis, 254-5 
Stenc repulsion, 75 
Stenc stabilization, 73 
Sterilization 

changes m milk immediately after. 
244 

e0k:iency, 231 
techniques, 230-2 
Stenlizing agents, 231 
Steroid hormone modulation of casein 
mRNAs levels, 131-2 
Sterols, 103 

Storage effects. 207, 244-57 
proteinases, 281 
raw milk, 271-88 
temperature effects, 243-4 
Storage stability, 234 
Streptococcus cremons, 316, 318 
Streptococcus lactis. 316 
Sfreprofoccuj zyiiogenes. 298 
Streptom^ces, 159 
Subtilisin, 161 
Sugars. 204 

Sulphydryl blocking agents, 196, 243 
Sulphydry) proteases, 167 


TCPdncaJcjum phosphate), 76-7 
Technological properties, storage effects 
on, 280-1 
0-Temperature, 75 
Temperature effects, 193, 243, 362 
Tempering, 324-5 
Tctrahymena pynfornus, 298 
Thermization treatment, 242 
Thsorabvw-lvkt twxynw, 215 
Transferrin, 87, 98-9, 305 
Transfer-RNA, 133 
Trichloroacetic acid (TCA), 166 
Trypsin, 167 
inhibitors, 278 

Trypsm-likc enzymes, 272, 274-5 
Turbidimeiry, 175 
Tyrosine, 302 


Ultracentnfugation, 79, 274 
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UUrafiUralion, 343, 346, 350-9 
batch process flow sheet, 356 
commercjal equipment, 354 
commercial process, 355-9 
continuous multiple stages-in-sencs 
flow sheet, 357 
disadvantage of, 359 
early commercial plants, 356 
mass balance, 358 
technique of, 351-2 
theories of, 352-5 
Ultra-high temperature (UHT) 

treatment, 167, 203, 205-6, 
232-6, 241-3, 262-3, 285 
physical and chemical changes 
resulting from, 244-57 
Urea, 202 


Van der Waals forces, 73-5 
Viscomctry, 175 
Vistcc process, 361 
Vitamin B, 102 


Washing and pressing, 323-4 
Wheast process, 346 
Whey, 340-1 
typical compositions, 341 
Whey blends, 347 
Whey drainage, 281 
Whey fraction 

separation of major proteins, 11-12 
Whey pov-ders 
dclacioscd, 349-50 
demineralized, 349-50 
modification of, 347 
non-cakmg. 344 
non-hygroscopic, 344 
Whey protein 

concentrates, 342, 350, 367, 385, 390 
constituents, 341 
products, 342-65, 367. 38+-9 
function il properties of. 389 93 


Whey protein — contd 
products — contd 
functionality of, 390 
whipping/foaming properties, 391 
whole-whey products, 344-5 
Whey proteins, 196, 220, 244, 298, 
303-6, 384-93 
amino-acids in, 302, 309 
bovine milk, 341 
composition of, 22-6 
demineralization, 347 
cffecl of heat, 216-17 
effect of increasing temperature, 362 
electrophoretic patterns, 96 
fractionation of, 17-18 
future for, 366 
human diet, in, 309 
industrial isolation, 339-73 
isolation methods, 343, 366 
nutritional fortification of soft drinks, 
392 

nutritive value of, 308 
physical chemistry of, 367 
physicochemical properties, 44-52, 
386-7 

present position of, 366 
prctrcaiments, 355 
product yield, 358 
recovery by incorporation m other 
products, 345-6 
recovery methods, 342, 344 
solubility, 328 
undenatured native, 342 
Whey removal, 322 


Xanthine oxidase. 103. 105 

X-ray crystallography. 26, 40, 49, 51 


Yeast, whey protein recovery, 346 


Zeta polcntul. 217-18. 221 
ZwiuLr occludiUtts, 148 



